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MATERIALS 


1 - Type 7400 IC 

2 - NPN Transistors 

1 - PNP Transistor 

2 - Silicon Diodes 

1 - 102, 1W, 20% Resistor 

1 - 202, 1/2W, 5% Resistor 

1 - 1002, 1/2W, 20% Resistor 
1 - 3902, 1/2W, 10% Resistor 
1 - 4702, 1/2W, 20% Resistor 

1 - 5602, 1/2W, 10% Resistor 
1- 1k, 1/2W, 10% Resistor 
1- 1.8 k2, 1/2W, 10% Resistor 
2- 2.2 k2, 1/2W, 10% Resistors 
1 - 3.9 kn, 1/2W, 10% Resistor 


1- 4.72, 1/2W, 20% Resistor 


Li 


10 kn, 1/2W, 20% Resistors 
47 kQ, 1/2W, 20% Resistor 
100 kn, 1/2W, 20% Resistor 
5 kQ Potentiometer 

1 MQ Potentiometer 


1000 pF, 50V DC Electrolytic 
Capacitor 


10 pF, 50V DC Electrolytic 
Capacitors 


.l pF, 100V DC Disc Capacitor 
.01 pF, 100V DC Disc Capacitor 
Transistor Sockets with Leads 
14 pin DIP IC Socket 

Trimounts with Brackets 
Modular Connectors 


Hookup Wire 


II 


PROJECT | 
VERTICAL AMPLIFIER CIRCUIT BOARD 


PARTS NEEDED 


IOD-4540 Vertical Amplifier Circuit Board Assembly Parts. 


2 - Silicon Diodes 1 - 1k, 1/2W, 20% Resistor 
1 - 1000 pF, 500V DC Electrolytic 2- 2.2 k2, 1/2W, 10% Resistors 
Capacitor 
1 - 5 kQ Pot 


13 - Modular Connectors 
No. 22 Hookup Wire 


1 - Meg? Pot 


‘DISCUSSION 


Most of the circuitry in your IOD-4540 Oscilloscope is mounted on four printed 
circuit boards, After each board has been assembled, you will analyze cir- 
cuit operation, make voltage and resistance measurements, and perform 
experiments with the circuit boards, 


The oscilloscope circuits use dc operating voltages that the design console 
can provide. The sinewave generator will also be used as a test signal source 
for some projects in this manual, The PARTS NEEDED lists do not include 
tools, test equipment, and solder, It is assumed that you have these items 
readily available, 


To use the oscilloscope circuit boards on the design console, it will be necessary 
to temporarily solder several wires to the boards, These wires will be in- 
serted into lettered holes from the component side of the boards and lightly 
soldered to the foil, When soldering these temporary wires, it is important 

that you do not use any more solder than absolutely necessary. Since the 
temporary leads will be removed after the tests have been completed, it is 
desirable to avoid completely filling the holes on the circuit board with solder. 
After the circuit board is installed in the oscilloscope chassis, these holes 

will be used to permanently wire the board into the circuitry of the oscilloscope, 
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In this project you will assemble the Vertical Amplifier and prepare the 
assembled board for the tests that follow, 


Figure 1-1 is a simplified block diagram of the Bell & Howell IOD-4540 
Oscilloscope. Most of the circuitry of the oscilloscope (scope) is mounted on 
four printed circuit boards: the Vertical Amplifier Circuit Board, the 
Horizontal Amplifier Circuit Board, the Sweep/Trigger Circuit Board, and 
the Power Supply Circuit Board. 


The input signal is fed thru the Vertical Input Attenuator to the Vertical 
Amplifier Circuit Board, The Vertical Amplifier amplifies the vertical input 
signal before it is applied to the vertical deflection plates of the Cathode Ray 
Tube (CRT). In addition, the vertical input signal is processed and then 
applied to the Sweep/Trigger Circuit Board, 


The Sweep/Trigger circuitry is triggered by the signal from the Vertical 
Amplifier Circuit Board, As the Sweep/Trigger circuitry is triggered, it 
produces the Unblanking pulse, which is applied to the cathode of the CRT. 
This causes the CRT to unblank during sweep time. The Sweep/Trigger 
circuitry also produces the Retrace Blanking pulse. This pulse is applied to 
the control grid of the CRT, causing the trace to be blanked during retrace time. 
The Sweep/Trigger circuitry also produces the Sweep Ramp Signal which is 
applied to the ramp generating circuitry, For simplicity, the ramp generating 
circuitry is not shown in Figure 1-1, However, the ramp generator circuit 
can be considered to be part of the Horizontal Amplifier circuitry. The 

output signal from the ramp generating circuit is amplified by the Horizontal 
Amplifier Circuit Board and applied to the horizontal deflection plates of the 
Hele 


In certain applications of the oscilloscope, it may be necessary to apply an 
external trigger signal or an external horizontal input signal. For this reason, 
the IOD-4540 has both an external trigger input (EXT. TRIG INPUT) and an 
external horizontal input (EXT, HORIZ INPUT) capability. The operation 

of these two inputs is covered in detail later on, 


Figure 1-2 is the functional block diagram of the Vertical Amplifier Circuit 
Board, The vertical input signal is applied to the Input Attenuator through 
switch SW1 (AC/GND/DC), When SW1 is in the AC position, a de blocking 
capacitor is in series with the attenuator input circuit. This capacitor 
prevents any dc voltage from being applied to the Input Attenuator, When 
switch SW1 is placed in the ground (GND) position, the input to the attenuator 
is shorted to ground, When switch SW1 is in the DC position, any de voltage 
applied to the vertical input will be applied to the input of the attenuator, The 
DC position of SW1 allows the scope to be used for measuring dc voltage levels. 
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The Input Attenuator is used to control the amplitude of the input signal to the 
Input Follower, Q101, The output of the Input Follower is fed through the 
Vertical Calibration (VERT, CAL, ) control to the input of the Output Attenuator. 
The VERT CAL control is adjusted to vary the amplitude of the vertical 

signal to compensate for differences in the gain of the amplifiers that follow. 
This allows signals of specific amplitude to cause specific amounts of vertical 
beam deflection, The signal from the resistive network Output Attenuator is 
applied to the Output Follower, Q103. The Output Follower isolates the Output 
Attenuator from Amplifier Stage Q105, Q106. The amplified signal from the 
amplifier stage is coupled to the Driver Stage, Q107, Q108 for further amplifi- 
cation before itis applied to the Output Stage, Q109, Q110. The signal from 
the Output Stage is then applied to the Vertical Deflection plates of the CRT, 
which causes vertical deflection of the electron beam. Emitter Follower Q111 
provides a sample of the output signal to the Sweep/Trigger Circuit Board, 


The schematic diagram of the Vertical Amplifier Circuit Board and most of 

its associated circuitry is shown in Figure 1-3, As can be seen in Figure 1-3, 
the I1OD-4540 uses direct coupling between stages. Thus, DC voltage measure- 
ments can be made with the IOD-4540 when the AC/GND/DC switch is in the 
DC position, 


The signal waveform to be observed is applied to the Vertical Input jack, If 
it is desired to measure a dc voltage, SW1 must be in the DC position, as 
shown in Figure 1-3, When SW1 is in the AC position, C7 is switched into 
the input circuitry. Capacitor C7 blocks any dc component in the input signal 
while allowing ac variations to be applied to the Input Attenuator. 


The purpose of the Vertical Input Attenuator is to reduce the amount of input 
signal to the vertical amplifiers, A resistor voltage divider network, Rl 
through R3, is used to divide an input voltage down to a level that will not 
overdrive the amplifiers. 


To maintain a flat frequency response over a 5 MHz bandwidth, the Vertical 
Input Attenuator is frequency compensated. This is accomplished by capaci- 
tors C2A, C2B, C2C, and C3, Switch SW2A (VOLTS/CM) is used to select 
the desired amount of input signal that is fed through R101 to the gate of Q101. 


The output signal of the Input Attenuator is a portion of the input signal, That 
portion of the input signal is fed through R101 and C101 to the gate of the Source 
Follower, Q101. R101, in conjunction with Input Limiter ZD101 and ZD102, 
protects the input of Q101, Capacitor C101 improves the high frequency response 
of the input circuit, 


One function of Q102 is to provide a constant current source for Q101. Asa 
signal is applied to the gate of the Source Follower, Q101,its internal imped- 
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ance changes, Since the current through Q101 is constant and its internal 
impedance changes with the input signal, the signal variations appear at the 
source of Q101, 


The Vertical DC Balance control (VERT DC BAL), R103, adjusts the current 
through Q102 to set Q101's source voltage to zero volts, The source voltage 

of Q101 is adjusted to zero volts with no signal applied to the Vertical Input. 
When R103 is properly adjusted, the CRT trace will not move up or down 

when the Variable Gain (VAR GAIN) controlis adjusted. The output signal . 
from Q101 is coupled through the Vertical Calibration control (VERT CAL), 
R102, to the Variable Gain (VAR GAIN) control R4, located on the oscilloscope's 
front panel. 


The output from the Variable Gain control is taken from the wiper of R4 and 
applied to voltage divider network R5, R6, and R7, which is the Output Atten- 
uator, The Output Attenuator switch, SW2B, which is mechanically ganged to 
the Input Attenuator Switch, SW2A, selects the amount of attenuation and direct 
couples the signal to the gate of Output Follower Q103. 


The signal from Q103 is then applied to the base of Q105, which is the input to 
the first of three differential amplifier stages. Q106 and its associated circuitry 
comprise the other half of the first differential Amplifier Stage. 


Q104 and its associated components serve as a constant current source for the 
first differential Amplifier Stage. The operation of Q104 is very similar to 
that of Q102. 


The amplified output from the first differential Amplifier Stage, Q105 and Q106, 
is then fed to the differential Driver Stage, Ql107 and Q108, for further amplifi- 
cation before being applied to the differential Output Stage, Q109 and Q110. Addi- 
tional amplification takes place in the differential Output Stage. The signals 

at the collectors of Q109 and Q110 leave the circuit board at points S and M, 
respectively, and are applied to the vertical deflection plates of the CRT. 


Q11l is an emitter follower which receives its input signal from the emitter of 
Q109. The output of this stage is taken from the wiper of DC LEVEL control 
R128, and applied to the Sweep Trigger Circuit Board, The signal from the 
wiper of R128 is actually a sample of the vertical amplifier board output signal. 
The DC LEVEL control, R128, is set so that a signal of proper amplitude is 
applied to the Sweep Trigger Circuit Board, Further details of the purpose of 
this signal are contained in Project 3. 


PLATE VOLTS ADJ control R108, in the emitter circuit of Q104, is used to set 
the current through Q104, which in turn sets the total current through the differ- 
ential stages. The total current through the differential amplifier stages remains 
constant at all times. Whena signal is applied, a change in current in one 
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half of a differential amplifier stage will occur, This change in current will 
be offset by an equal but opposite change in the other half of the stage. 


By varying the PLATE VOLTS ADJ. control, the total current to the differential 
Amplifier Stage Q105 and Q106 varies, which in turn controls the collector 
current and voltage of both the driver and output differential stages. This is 
accomplished because all of the stages are direct coupled. Therefore, changing 
the current in one stage changes the current in all of the following stages. Con- 
sequently, adjusting PLATE VOLTS ADJ control sets the dc voltage at the col- 
lectors of Q109 and Q110 to the desired value. 


VERTICAL POSITION ADJ (adjust) control R111, and front panel control R8 
(VERTICAL POSITION), affect the balance of the differential stages by directly 
affecting the bias of Q106, Q108 and Q110. R8 is used as a fine position control, 
while R1lll is used as a coarse position control, Once R111 has been properly 
adjusted, it is usually unnecessary to readjust it in normal use. 


By adjusting either R8 or R111, the balance of each of the differential amplifiers 
is affected, This, in turn, affects the vertical position of the trace on the face 
of the CRT, 


PROCEDURE 


BUILDING THE VERTICAL AMPLIFIER CIRCUIT BOARD 


1, The components for the assembly of the Vertical Amplifier Circuit Board 
are included in shipment WBS-1. For your convenience, the components for 
each board have been packaged separately. DO NOT open all of the packages at 
once, Open only the packages that contain components for the Vertical Amplifier 
Circuit Board, These packages are listed on page 11 of the assembly manual. 


2. Refer to the Assembly and Operation Manual which provides step-by-step 
instructions for building the Vertical Amplifier. 


3. The list of components required for the assembly of the Vertical Amplifier 
Circuit Board is on pages 11 through 13 of the assembly manual. Check the 
parts you received in shipment WBS-1 against the parts list to ensure that you 
received all of the required parts. If any part is missing or defective, follow 
the instructions in the assembly manual to obtain a replacement part. 


4, Follow the assembly procedures given on pages 14 through 19 of the Assembly 
and Operation Manual. Be sure your soldering iron is clean and properly tinned. 
Take your time and be sure that all components are properly installed and all 
solder connections are properly made, The Vertical Amplifier Circuit Board 
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has some connections that are rather close. So be careful to avoid solder 
bridges across foil conductors. 


5. After you have completed the assembly of the Vertical Amplifier Circuit 
Board, visually inspect the board to see that all connections have been properly 
made and soldered, Then procede with the following steps in this project. 


TEST NO. 1 


PRELIMINARY RESISTANCE CHECKS 


In this procedure you will check your wiring and installation of components on 
the board before making voltage measurements. If a mistake was made in the 
installation of components, damage could result when the operating voltages are 
applied. For this reason, it is a good idea to check the de resistance of circuits 
on the board before applying power to the board, This will help you determine 
if there are any assembly errors and minimize the chance that operating volt- 
ages may damage components on the board, 


PROCEDURE 


1, Begin by preparing the appropriate wire lengths shown in Table 1-1, To 
prepare the wires, cut them to the correct lengths, then strip 1/4'' of insulation 
from one end and 1/2" of insulation from the other end, After the wires are 
prepared, tack solder the 1/4'' end into the PC board at the points indicated 

in Table 1-1, These wires will be removed when you have finished the experi- 
ments, 


2, Arrange 13 modular connectors and install the PC board as shown in 
Layout 1-1, NOTE: Be sure to position the board so that the part number is 
in the lower right hand corner as shown, 


3. Insert a wire in each modular connector. Be sure the wire from each 
lettered point is inserted in the appropriately lettered modular connector, 
NOTE; The black wire coming from point P should not be connected to a mod- 
ular connector, Also, the shielded cable coming from point K should be coiled. 
A piece of hookup wire should be wrapped around the coil to keep it together 
before it is installed in the modular connector, 


4, Clip the black lead of your DMM to the black wire connected at point P on 
the PC board, 
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5, Set each variable control to its center of rotation. 


6, Measure the resistance at all the lettered points indicated in Table 1-2, 
These measurements should be made at the appropriate modular connectors as 
indicated in Layout 1-1, All resistances should be within 20% of those listed 
in Table 1-2, 


If the resistance at any point is more than 20% higher or lower than that shown 
in Table 1-2, look for an error in assembly, For example, a reading of approx- 
imately 12 kQ at point F may indicate that the emitter and collector leads of 
Q102 are shorted, Another possibility is that there is a solder bridge across 
the points at which these two wires are soldered to the board, Whenever a 
higher than normal reading is encountered, it could indicate that a transistor 

or diode is installed backwards, 


After all resistances have been checked and found to be within tolerance, remove 


the DMM clip lead from the wire at point P, but leave the wire connected to 
this point. Then continue with the following steps in this manual. 


ANALYSIS: TEST NO. 1 


1, If D103 were shorted, what would the DMM indicate when the resistance 
was measured at point A? Why? (Refer to Figure 1-3) 


2.. Ifthe dc resistance from G to ground (point P) were 1.2 kQR or less, would 


the Vertical Amplifier Circuit Board operate properly when power was applied? 
Why? (Refer to Figure 1-3) 


PRELIMINARY SETUP 

1, Prepare nine lengths of wire following Table 1-3, Strip 1/4'' of insulation 
from one end and 1/2'' of insulation from the other end. 

2. Prepare the 5 kQ and 1 meg® potentiometers (pots) as shown in Figure 1-4, 
3. Install a 1 kQ,1/2W resistor between modular connectors A and U. 


4, Install and connect the 5 kQ pot as shown in Layout 1-2, Set the 1 MEG 
pot aside, It will be installed later on, 
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5. Prepare a 7-1/2" length of black wire. Strip 1/2" of insulation from both 
ends, Connect the wire between the (-) REG DC terminal and the 0V AC 
terminal on the design console, 


6, Construct the -9V power supply enclosed within the dashed line of Layout 
1-2, Dl and D2 are silicon diodes; Cl is a 1000 pF, 50V DC electrolytic 


capacitor, Be sure that the components are properly polarized, as shown. 


7. Turn on the design console and check the output of the supply to make 
sure that the voltage amplitude and polarity are correct. 


8. Set the output of the REG DC supply for +9V reading. 
9. Turn off the design console, 


10. Connect the red wire coming from point G on the PC board to the + REG 
DC terminal, 


11, Construct the rest of Layout 1-2, 


12, Double check your work, Make sure that all wiring is connected as 
shown in Layout 1-2, Be certain that the 5 kQ pot is connected properly. To 
reduce the chance that damage may occur to the circuit board, make sure 
that the two 2,2 kQ resistors are connected in parallel between the +180 volt 
supply and the white wire connected to point R on the PC board, 


13, Connect the black DMM lead to the REG DC (-) terminal which will serve 
as circuit ground, All resistance and voltage measurements are now made with 


respect to ground simply by touching the red meter prod to the point indicated, 


14, Set all variable controls, including the 5 kQ pot, to the center of rotation, 


ANALYSIS: PRELIMINARY SETUP 


1, Will varying the 5 kQ pot, which is in the place of the VERTICAL POSITION 
control R8, have an effect on the voltage at point S? Why? 


2, Assume that the differential Amplifier Stage (Q105, Q106) is balanced, 
When the wiper of R108 (PLATE VOLTS ADJ) is adjusted from the center 
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position toward lug 1, will there be any effect on the dc voltages at points S 
and M? If so, what will be the effect? 


TEST NO. 2 


PRELIMINARY CALIBRATION 


In this test you will perform a preliminary calibration procedure on the circuit 
board, (A more precise calibration procedure is performed when the scope is 
fully constructed.) Refer to Figure 1-5 for the following steps. 


1, Make sure each variable control is set to its center of rotation, 


2. Measure the dc voltage at the front lug of the VERT CAL control (source of 
Q101) and adjust the DC BAL (DC Balance) control to obtain a zero volt reading. 
Check for both a positive and negative voltage, 


3, Set the voltmeter to measure 150 volts DC, 


4, Alternately measure the voltage at the metal tabs on top of transistors 
Q109 and Q110. Adjust the 5 kQ pot until both transistor voltages are the same, 
Be sure to allow meter reading to stabilize, NOTE: As the voltage on one 
transistor decreases, the voltage on the other transistor increases, If this 
does not occur, a slight adjustment of VERT POS ADJ control on the board 
may be necessary, Since there is an interaction between the 5K pot and the 
VERT POS ADJ, you will have to adjust these controls until the voltages 

are the same, 


5, Again, measure the voltage at the metal tab on top of transistors Q109 
and Q110. Turn the PLATE VOLTS ADJ control to obtain 80 volts at the metal 
tab, NOTE: If the voltage at both transistor tabs is not the same, repeat 
step 4, then return to this step. 


6. Turn off the design console, 


ANALYSIS: TEST.NO.2 


1, The first step in Test 3 was to set the VERT DC BAL control for zero 
volts dc at the front lug (lug 1) of VERTICAL control R102. Why is this 
necessary? 
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2. Why is it necessary to adjust both the 5 kQ pot and the VERT POS ADJ, 
R111, in order to balance the de voltages at points S and M? 


TEST NO. 3 

AC SIGNAL TRACING 

In this test we will be applying a signal to the board and tracing the signal through 
the stages, Be sure that Test No, 2 has been completed before starting this 

test. 

1, Locate the 1 meg? pot and mount it as shown in Layout 1-3, 


2. Connect the leads of the 1 megQ pot as indicated in Table 1-3, 


3, Remove the 2'' red jumper wire connected between modular connectors 
D and P, 


4, Turn the 1 megQ pot fully clockwise, 


5, Set the design console frequency adjustment control to midrange. Turn on 
the design console, 


6, Set your DMM to measure .10 VAC. Be sure the meter ground is connected 
to circuit ground (-REG DC), 


7, Connect the red DMM lead to point D, NOTE: When making signal voltage 
measurements in the following steps, allow the DMM reading to settle, when 
necessary. 

8, Adjust the 1 meg® pot for a .10 volt reading at point D, 

9. Measure and record the ac signal voltage at points F, H. volts, 


10, Calculate the voltage gain of Q101, 


11, Measure and record the ac signal voltage at the base of Q105 by touching 
the red DMM probe to point 1 (Refer to Figure 1-6). volts, 


12, Measure and record the ac signal voltage at the collector of Q105 by 
touching the red DMM probe to point 2 (Refer to Figure 1-6.) volts, 


13, Calculate the gain of Q105, 
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14, Measure and record the ac signal voltage at the collector of Q107 by 
touching the red DMM probe to point 3 (Refer to Figure 1-6), volts. 


15, Calculate the gain of Q107. 


16, Measure and record the ac signal voltage at the collector of Q109 by 
touching the red DMM probe to point S (Refer to Layout 1-3), 


17. Calculate the gain of Q109. 


18. Calculate the overall gain of the Vertical Amplifier Circuit Board, 


ANALYSIS: TEST NO. 3 


1, Assuming that the differential stages are properly balanced, should the 
signal voltage at point M equal the signal voltage at point S? Why? 


2. Measure the signal voltage at point M (allow the meter reading enough time to 
settle.) Are the signal voltages equal at points Sand M? If not, why? 


Turn off the design console. Remove the PC board from the design console 
and dismantle the circuit. Unsolder all temporary wires (see Table 1-1) and 
remove the excess solder from the PC board, NOTE: DO NOT remove the 
twin lead or the shielded cable connected to points K & L. Set the Vertical 
Amplifier Circuit Board aside, 


PROJECT 1: ANALYSIS ANSWERS 


TEST NO. 1 


1, Zero&, because the shorted diode acts as a piece of wire between point A 
and circuit ground (point P), 


2. No, because 1, 2 k2 is much lower than the normal resistance. The lower 
reading indicates a short exists in the +9V load circuitry, which will prevent 
proper circuit operation, 
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1, Yes, because varying the 5K pot changes the voltage at the base of Q106, 
which affects the balance of the three differential stages. 


2. Yes, the voltage at points S and M all decrease. 
TEST NO. 2 


1, If any voltage other than zero volts dc is present, it will not be possible to 
properly balance the differential amplifier stages. 


2, The 5K pot, which is acting as a vertical position control, and Rlll forma 
voltage divider, Therefore, the setting of either of these controls will affect 
the bias of Q106. This affects the balance of the differential stages, which 
affects the voltage at points S and M. 


TEST NO. 3 


1, Yes, because the gain of both sections of the balanced differential amplifiers 
should be the same. 


2, Keep in mind that the differential amplifiers were balanced under static 
(no signal) conditions. Therefore, any minor variation in signal amplitude is 
the result of dynamic unbalance in the differential amplifiers. This unbalance 
is caused by component tolerances. 
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Figure 1-3 is a foldout and is inserted in the back of this Manual. 


FIGURE |-3 
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TABLE 1-1 
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QUANTITY COLOR LENGTH LeCOtIN 


Yellow 3-1/2" 5 kQ Lug 1 
to U 
Brown 4-1/2" 5 k2 Lug 2 
lege A 
31 


1 
] 
Real . aia 

] Black Z= Lp 2u 1 meg Lug 3 
to P 

1 Blue eae 1 meg Lug 2 
to D | 

1 Gray TY AN 1 meg Lug 1 
to Wy 


ae a 
White 4-1/2" x +180 to 
1,5 kK 
Black 5=-1/2"' x 0 VAC 
Foul 


TABLE 1-3 


* Strip 1/2" of insulation from both ends. 
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PROJECT 2 


HORIZONTAL AMPLIFIER CIRCUIT BOARD 
PARTS NEEDED 


JOD-4540 Horizontal Amplifier Circuit Board Assembly Parts 


2 - Silicon Diodes 1 = 5 k2 Pot 
1 - 1000 pF,50V DC Electrolytic 1 - 1 k2,1/2W Resistor 
Capacitor 


1 - 47002,1/2W Resistor 
11 - Modular Connectors 


1 - 1 Meg Pot 


DISC USSION 


In this project you will assemble the Horizontal Amplifier Circuit Board for 
your Bell & Howell Model IOD-4540 Oscilloscope. As in the previous project, 
it will be necessary to solder several temporary wires to the circuit board in 
order to perform the various tests included in this project, 


Notice, in the simplified block diagram of the scope in Figure 2-1, that the 
input to the HORIZONTAL AMPLIFIER CIRCUIT BOARD can be switched to 
either an internally or an externally generated signal. In eithercase, the output 
sweep signal will be applied to the horizontal deflection plates of the CRT. 


The simplified block diagram of the Horizontal Amplifier Circuit Board is shown 
in Figure 2-2, When the input switch (SW6) is in the internal position, the 
Sweep Ramp signal is applied to Input Follower Q201. Actually, the input 
switch is a rotary switch having several internal sweep positions. However, 

for simplicity, only one position is shown in Figure 2-2, 


When the input switch is in the EXT IN (external input) position, an external 
input signal can be applied to the input follower. The input switch is placed 

in the EXT IN position when it is desired to use the scope for special applica- 
tions. For example, an external sinewave can be used to forma Lissajous 
pattern on the scope when another signal is applied to the vertical deflection 
plates. 
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2-2 HORIZONTAL AMPLIFIER CIRCUIT BOARD 


The operation of the Horizontal Amplifier Circuit Board is similar to the 
operation of the Vertical Amplifier Circuit Board, The signal from Q201 is 
coupled through the SWEEP LENGTH control and the horizontal gain (HORIZ, 
GAIN) control to Output Follower Q203. The HORIZ. GAIN control is located 
on the front panel. 


The signal from the Output Follower is applied to the differential Amplifier 
Stage, Q205 and Q206, before it is sent to the differential Output Stage, Q207 
and Q208. Notice that the HORIZ, POSITION control is part of the Amplifier 
Stage, The sweep signals from the Output Stage leave the circuit board at 
points K and J and are applied to the horizontal deflection plates of the CRT. 


Figure 2-3 is the schematic diagram of the Horizontal Amplifier Circuit Board. 
The input signal is normally the sweep signal that is internally generated across 
one of the sweep capacitors (C8 to C13), This signal is controlled by Q310 on 
the Sweep/Trigger Circuit Board, which serves as an electronic switch, Q310 
is normally cut off, This initiates the Sweep Ramp Signal to the Horizontal 
Amplifier Circuit Board by allowing the selected sweep capacitor to charge, 
The charge path for the selected capacitor is through SW6A to the collector of 
Ql, then through QI1 to its emitter, Charge current then flows from the emitter 
of Ql through the selected fixed sweep resistor, (R15, R16 or R17) the SWEEP 
VARIABLE control, R14, to the +8.8V supply on the SWEEP/TRIGGER CIRCUIT 
BOARD, Since Q1 is a constant current source, the selected sweep capacitor 
will charge at a linear rate, generating a slope that is part of the Ramp Sweep 
signal, 


When the wiper of R14 is making contact with lug 1, the sweep is calibrated to 
the sweep rate selected by the TIME/CM switch. This setting of the control 
corresponds to the CAL (calibrated) position. As the wiper of R14 is moved 
toward lug 3, the sweep speed decreases because the ramp slope decreases, 
Thus, it is possible to adjust the sweep for almost any desired sweep rate, For 
example, with the TIME/CM switch in the 2 mS position, the sweep rate can be 
varied from 2 mS/CM (CAL position of the SWEEP VARIABLE control) to 20 
mS/CM, which is the next slowest TIME/CM switch position. Therefore, by 
applying a known frequency signal to the VERTICAL INPUT jack, the sweep 
rate can be set to almost any desired sweep rate, For example, if a 1 kHz 
signal is applied to the scope and the TIME/CM and the SWEEP VARIABLE 
control are set so that one cycle occurs within one centimeter, the sweep rate 
is then set for 1 mS/CM. 


When a positive pulse is applied to Q310's base, Q310 will saturate, effectively 
grounding the collector of Ql, Since the collector of Q1 is electrically the same 
point as the collector of Q310, the selected sweep capacitor will rapidly dis- 
charge through Q310 to ground, At the end of the positive pulse on the base of 
Q310, Q310 cuts off and the ground is removed from the collector of Ql, This 
will allow the timing capacitor to start to recharge, 
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The sweep rate is varied by changing the setting of the TIME/CM switch, SW6. 
The setting of the TIME/CM switch controls the sweep rate by selecting pre- 
determined resistor and capacitor combinations (R15, R16, R17 and C8 to Cl3), 
The selected combination determines the RC time constant and the sweep rate. 


The generated Sweep Ramp signal is fed from switch SW6 to the gate of INPUT 
FOLLOWER 9201. The Input Limiter, which is located in the gate circuitry 

of Q201, limits the input signal amplitude at the Q201 gate of 18V p-p. Q202 

is a constant current source for Q201, The HORIZ DC BAL (Horizontal DC 
balance) control, R203, is adjusted for zero volts at the source of Q201 under 

no signal conditions. The output of Q201 is coupled through the SWEEP LENGTH 
control, R202, and SW6A to the gate of Output Follower Q203, 


The HORIZ GAIN control, R21, is switched into the circuit whenever TIME/CM 
switch is placed in either of the EXT IN (external input) positions. The HORIZ 
GAIN control, which is a front panel control, allows you to set the sweep toa 
desired length across the face of the CRT when using an externally generated 
sweep signal, 


The output signal from Q203 is fed to the first of two differential amplifier stages. 
The first stage consists of Q205 and Q206. The PLATE VOLTS ADJ Control, 
R208, in the emitter circuitry of the Constant Current Source, Q204, establishes 
the collector current of Q204, This current establishes the total current through 
the differential Amplifier Stage, Q205 and Q206. The total current in the 
differential Amplifier Stage is constant at all times, For example, when an 
applied signal causes the current through Q205 to increase, the current through 
Q206 will decrease by the same amount. By varying the PLATE VOLTS ADJ. 
control, the total current to Q205 and Q206 is varied, which in turn controls 

the collector voltage of both halves of this stage. The collector voltages of Q205 
and Q206 control the bias voltages and collector currents of Output Stage Q207 
and Q208. Consequently, the collector voltages of Q207 and Q208 are varied 
when the PLATE VOLTS ADJ, control is properly adjusted, The PLATE VOLTS 
ADJ control is properly adjusted when +90V is present at the collectors of Q207 
and Q208 under no signal conditions. 


The HORIZONTAL POSITION control, R22, is located on the front panel. This 
control sets the bias of Q206 and Q208 which, in turn, affects the balance of 
the differential stages, Varying this control affects the horizontal position of 
the sweep. 


The output signal from Output Follower Q203 is applied to the differential 
Amplifier Stage and differential Output Stage for amplification before being 
applied to the horizontal deflection plates of the CRT. The output signals 
leave the Horizontal Amplifier Circuit Board at K and J. 
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2-4 HORIZONTAL AMPLIFIER CIRCUIT BOARD 
PROCEDURE 


BUILDING THE HORIZONTAL AMPLIFIER CIRCUIT BOARD 


1, The components for the assembly of the HORIZONTAL AMPLIFIER 
Circuit Board are included in shipment WBS-1. 


2, Refer to the Assembly and Operation Manual which provides step-by-step 
instructions for building the circuit board, 


3, The list of components required for the assembly of the Horizontal Ampli- 
fier Circuit Board is on pages 21 through 23 of the assembly manual. Open 

the package that contains the components for the Horizontal Amplifier Circuit 
Board. Check the parts you received in shipment WBS-1 against the parts 

list on pages 21 through 23 to ensure that you received all of the required parts, 
If any part is missing or defective, follow the instructions in the assembly 
manual to obtain a replacement part, 


4, Follow the assembly procedures given on pages 24 through 29 of the Assem- 
bly and OperationManual, Be sure your soldering iron is clean and properly 
tinned, Take your time and be sure that all components are properly installed 
and all solder connections are properly made, The Horizontal Amplifier Circuit 
Board has some connections that are rather close. So be careful to avoid solder 
bridges across foil conductors, 


5. After you have completed the assembly of the Horizontal Amplifier Circuit 
Board, visually inspect the board to ensure that all connections have been 
properly made and soldered, Then procede with the following steps in this 
project. 


TEST NO. 1 


PRELIMINARY RESISTANCE CHECKS 


In this procedure you will check your wiring and installation of components on 
the board before making voltage measurements, If a mistake were made in 

the installation of components, damage could result when the operating voltages 
are applied, For this reason, it is a good idea to check the dc resistance of 
circuits on the board before applying power to the board. This will help you 
locate any incorrect connection or defective components. 
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‘s PROCEDURE 


1, Begin by preparing the appropriate wire lengths shown in Table 2-l. To 
prepare the wires, cut them to the correct lengths and then strip 1/4" of 
insulation from one end and 1/2"' of insulation from the other end, After the 
wires are prepared, tack solder the 1/4" end into the PC board at the points 
indicated in Table 2-1. These wires will be removed later on, 


2, Arrange 11 modular connectors as shown in Layout 2-1, and install the PC 
board as shown in the layout. NOTE: Be sure to position the board with the 
part number in the lower right hand corner as shown, 


3. Insert a wire in each modular connector. Be sure the wire from each 
lettered point is inserted in the appropriately lettered modular connector, 
NOTE: The black wire coming from point N should not be connected toa modu- 
lar connector, Tack solder a 1'' length of bare wire to the center conductor 

of the shielded cable from point F. This will provide electrical contact with 
the modular connector. 


4, Clip the black lead of your DMM to the black wire connected at point N on 
the PC board. 


q 5. Set all variable controls to their center of rotation, 


6. Measure the resistance at all the lettered points indicated in Table 2-2, 
These measurements should be made at the appropriate modular connectors 

as indicated in Layout 2-1, All resistances should be within 20% of those listed 
in Table 2-2, 


If the resistance at any point is more than 20% higher or lower than that shown 
in Table 2-2, look for an error in assembly. After all resistances have been 
checked and found to be within tolerance, continue with the following steps in this 
manual, Before proceeding, remove the DMM clip lead from the wire at point 
N, but leave the wire connected to this point. 


ANAYLSIS: TEST NO. 1 


1, If the INPUT LIMITER is shorted, what would be the approximate resistance 
at point D? 


2. If Q203 were open, gate to source, what would be the resistance at point H? 
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PRELIMINARY SETUP 


1, Construct circuit Layout 2-2, 

2. Be sure to install the 1 kQ resistor between modular connectors A and B, 
3. Be sure the 5 kQ pot is installed correctly, as shown in Layout 2-2, 

4, Connect a black wire between REG DC (-) terminal and 0 VAC terminal, 


5. DO NOT connect the output of the -9V power supply to the wire coming 
from M at this time, 


6. DO NOT connect the output of the REG DC (+) power supply to the wire 
coming from G at this time, 


7, DO NOT connect the white wire coming from point L to the +180V supply 
at this time. 


8. Turn on the design console and measure the output of the -9V power supply 
at connector M, to make sure that the voltage amplitude and polarity are cor- 
rect, NOTE: The voltage will probably measure slightly high when unloaded, 
9. Adjust the output of the REG DC supply for +9V. 


10, Turn off the design console and connect the yellow wire coming from point 
M on the PC board to the output of the -9V power supply. (connector M) 


11, Connect the red wire coming from point G on the PC board to the REG DC 
(+) terminal, 


12, Connect the white wire coming from point L on the PC board to the +180V 
terminal, . 


13, Double check your work, Make sure that all wiring is connected as shown 
in Layout 2-2, Be certain that the 5 kQ2 pot is connected properly, 


14, Connect the black DMM lead to the REG DC (-) terminal, which will serve 
as circuit ground, 


15, Set all variable controls, including the 5 kQ pot, to the center of rotation, 
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1, If the base to emitter junction of Q207 opened, what would the voltage 
reading be at point K? 


2. If R205, in the base circuitry of Q204, shorted, would the voltage at point 
K change? If so, how? 


TEST NO. 2 


PRELIMINARY CALIBRATION 


In this test you will perform a preliminary calibration procedure on the circuit 
board, However, it will be necessary to recalibrate the board later. 


1, Prepare a 3" length of black hookup wire and connect it between modular 
connectors D and N in Layout 2-2, Then refer to Figure 2-4 for the following 
steps. 


2. Make sure all the variable controls are in the center of their rotation, 
Then turn on the design console, 


3. Measure the dc voltage at the front lug of the SWEEP LENGTH control 
and adjust the DC BAL (DC BALANCE) control to obtain a zero volt reading. 
Check for both a positive and negative voltage. 


4, Set the meter to measure a voltage of about 180 volts dc, 


5. Alternately measure the Q207 and Q208 collector at the metal tab on top 

of each transistor, Adjust the 5 kX pot until the voltages are equal, NOTE: As 
the voltage on one transistor decreases, the voltage on the other transistor 
increases, 


6. Again measure the voltage at the collector of transistors Q207 and Q208, 
Turn the PLATE VOLTS ADJ control to obtain 90 volts at the collectors, 

NOTE: If the voltage at both transistor tabs is not the same, repeat the previous 
step and then return to this step. 
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ANALYSIS TEST NO. 2 

1, If D203 opens, would you be able to balance the output voltages at points 

K and J? Why? 

2, As the wiper of the PLATE VOLTS ADJ control is moved towards lug 3, 
should the voltage at points K and J increase or decrease? Why? 

TEST NO. 3 

AC SIGNAL TRACING 

In this test we will be applying a signal to the input of the board and tracing the 
signal through the stages. Thetest signal source will be the output signal 
from the design console sinewave generator, The Horizontal Amplifier 
Circuit Board normally processes the internally generated Sweep Ramp signal. 
However, the circuit board is capable of amplifying an external sinewave. 

For this reason, a sinewave input will provide a reliable test of circuit board 
operation. Be sure that Test No, 3 has been completed before starting this 
test. 

1, Locate the 1 M& pot and install it as shown in Layout 2-3, 


2, Connect the leads of the 1 M2 pot as indicated in Layout 2-3. 


3. Remove the 3" black jumper wire connected between modular connectors 
DandN. 


4, Adjust the 1 M pot fully clockwise. 
5. Set the design console frequency adjustment control to mid range. 


6, Set your DMM to measure .10 VAC. Connect the meter ground to circuit 
ground (-REG DC), 


7. Measure the ac signal voltage at point D, NOTE: When making signal 
voltage measurements in the following steps, allow the DMM reading to settle, 
when necessary, 


8. Adjust the 1 M2 pot for a .10 volt reading at point D. 
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9. Measure and record the AC voltage at the Front Lug of the SWEEP LENGTH 
control, volts, 


10, Calculate the voltage gain of Q201. 
11, Measure and record the signal voltage at point F, H. 


12, Measure and record the signal voltage at the base of Q205 by touching the 
red DMM probe to point 1 (Refer to Figure 2-4, ) volts. 


13, Measure and record the signal voltage at the collector of Q205 by touching 
the DMM probe to point 2 (Refer to Figure 2-4, ) volts. 


14, Calculate the gain of Q205, 


15. Measure and record the signal voltage at the collector of Q207 by touching 
the DMM probe to point K.(Refer to Figure 2-4, ) volts. 


16, Calculate the gain of Q207. 


17. Calculate the overall gain of the Horizontal Amplifier Circuit Board, 


TEST NO. 3 


1, Should the signal amplitude at the source of Q201 be the same as the signal 
amplitude at the gate? Why? 


2. Should the signal voltage at the source of Q201 be different than the signal 
voltage at the gate of Q203 if the wiper of R202 is making contact with lug 3? 
If so, by how much? If not, why? 


Turn off the design console. Remove the PC board from the design console 
and dismantle the circuit. Unsolder all temporary wires (see Table 2-1) and 
remove the excess solder from the PC board. NOTE: DO NOT remove the 
twin lead or the shielded cables. Set the Horizontal Amplifier Circuit Board 
aside, 
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ANALYSIS ANSWERS 
PROJECT 2 


TEST NO. 1 


1, 100 kR, because you are measuring across R201, a 100 kX resistor, 


2. Infinity, because there would be an open circuit to ground, 


PRELIMINARY SETUP 


1, 180V, because there is an open in the circuitry. Asa result, there is no 
current in the circuit and no voltage drop across R219, 


2. Yes, the voltage at point K would decrease. If R205 shorted, -9V 

would be present at the base of Q204, causing Q204 to cut off, Therefore, Q205 
and Q206 would also be cut off, and approximately +9 volts would be present at 
their collectors, The +9 volts would be applied to the bases of Q207 and Q208, 
causing them to saturate. Asa result, the collector voltages of these transistors 
will decrease to nearly zero volts, Since point K is tied to the collector of Q207, 
the voltage at point K will also decrease, 


TEST NO. 2 


1, No, becasue a much higher than normal positive voltage would be present 
at point A, This would cause unbalance in the differential amplifier circuits 
that the HORIZ POS control could not correct. 


2, Decrease, because rotation of the wiper of PLATE VOLTS ADJ control, 
R208, toward lug 3 reduces Q204's conduction, As a result, the conduction 

of Q205 and Q206 decreases, causing their collector voltages to increase, 
These increased collector voltages increase the base voltages of Q207 and 
Q208, causing them to conduct more heavily. The increased conduction causes 
the collector voltages of Q208 and Q209 to decrease. Therefore, the voltage 
at points K and J will decrease, 
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TEST NO. 3 


1, Yes, both signals should be the same or nearly the same, because Q201 
is a source follower. Source followers have unity gain or slightly less than 
unity gain, 


2. Yes, the signal amplitude at the gate of Q203 should be approximately 1/5 
the signal amplitude at the source of Q201. This is because the SWEEP 
LENGTH control, R202, and HORIZ GAIN control, R21, forma voltage divider. 
The total resistance of the voltage divider is 25 k2, Since the HORIZ GAIN 
control, R21, contains 1/5 of the total resistance in the voltage divider, it will 
develop 1/5 of the total signal. 


EXAM 


Complete Exam 9575-1 and return the exam card to the Instruction Department, 
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Figure 2-3 is a foldout and is inserted in the back of this Manual. 


FIGURE 2-3 
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PORT. RESISTANCE YOUR 
READING 


All resistances measured with respect to ground. 
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QUESTIONS 


IMPORTANT — These instructions MUST be accurately followed to avoid loss, or errors 
in grading. 


Indicate your answer on this sheet by filling in the box for the most correct 
answer to each question. 


When all questions have been answered, place the answer card in the proper 
position to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, 
and fill in the answer boxes to correspond with those previously filled in 
on this sheet. 


Before mailing, be certain your correct student number, name and address 
appear on the card. 


LESSON CODE 


9575-1A 


Vertical DC Balance control R103 is adjusted for zero volts at the source of 
(Refer to Figure 1-3) 

(A) Q102 with a signal applied. (B) Q102 with no signal applied, (C) Q101 witha 
signal applied. (D) Q101 with no signal applied, 


An input signal to the scope will not cause vertical deflection of the CRT trace. 
However, R8 will cause the trace to move up and down. Which of the following is 
a possible cause of this problem? (Refer to Figure 1-3) 

(A)-G101-open, (B) ZD102 open. (C) Q101 open, (D)}C103 shorted, 


There is no horizontal deflection when SW6 is switched to the 200 uS position. How- 
ever, there is normal deflection in all other positions.of SW6. Which of the following 
could cause this problem? (Refer to Figure 2-3) 

(A) Cll shorted, (B) R16 open. (C) C9 shorted. (D) R303 open, 

If the signal on the base of Q105 were such that Q105's collector current increases, the 
collector current of Q106 will (Refer to Figure 1-3) 


(A) increase, (B) decrease. (C) double. (D) remain the same. 


There is no horizontal deflection when SW6 is in the x1 or x10 position. Sweep de- 
flection is normal in all other positions of SW6. Which of the following is a possible 
cause of this trouble? (Refer to Figure 2-3) 

(A) Q201 open, (B) Q201 shorted, (C) R21 lug 3 open. (D) R21 lug 1 open. 


THIS EXAM CONTAINS ONLY FIVE QUESTIONS 
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PROJECT 3 


SWEEP/TRIGGER CIRCUIT BOARD 
PARTS NEEDED 


IOD-4540 Power Supply Circuit Board Assembly Parts 


2 - Silicon Diodes 1 - 202,1/2W Resistor 

1 - 1000 pF, 50V DC Electrolytic 2-10 MFD,50V Electrolytic 
Capacitor Capacitor 

1 - 5 k2 Potentiometer 1 - 100 kQ,1/2W Resistor 

16 - Modular Connectors 1 - PNP Transistor 


1 = 1082,1W Resistor 
DISC USSION 


In this project you will assemble and test the SWEEP/TRIGGER CIRCUIT 
BOARD of your oscilloscope. As shown in Figure 3-1, when the INT/EXT/ LINE 
switch, SW3, is in the INT (internal) position, the SWEEP/TRIGGER CIRCUIT 
BOARD receives a sample of the signal from the Vertical Amplifier Circuit 
Board, 


When SW3 is in the EXT (external) position, an external signal is applied to 
the SWEEP/TRIGGER CIRCUIT BOARD. Inthe LINE position of SW3, a 1 volt 
p-p sample of the line voltage (60 Hz) is applied to the input of the circuit, 
which triggers the circuitry. 


The SWEEP/TRIGGER CIRCUIT BOARD provides three output signals. Two of 
these signals, the Retrace Blanking and Unblanking signals, are applied to the 
Power Supply Circuit Board for processing before they are sent to the CRT, 
The third and most important output is the Sweep Ramp Signal, which is applied 
to the Horizontal Amplifier Circuit Board, It is used to generate a horizontal 
sweep signal that is synchronized with the input trigger signal. 
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For convenience we are dividing the SWEEP/TRIGGER CIRCUIT BOARD into 
two sections, the first section of which is the Trigger Circuitry. 


The block diagram of the TRIGGER circuitry is shown in Figure 3-2, The 
operation of this circuit board is identical in all positions of SW3, so only the 
operation in the INT position will be discussed, 


The Sample Signal from the Vertical Amplifier Circuit Board is applied to SW3, 
and coupled to Input Follower Q301. The Input Follower serves primarily as 

an isolation circuit. The setting of the TRIG (trigger) LEVEL control deter- 
mines the signal amplitude necessary to obtain the desired trigger signal, The 
output signal from Q301 is coupled to the differential Trigger Amplifier, Q304 
and Q305, for amplification, Further amplification takes place in the differential 
Output Stage, Q306 and Q307. SLOPE switch SW8 allows you to select a 

trigger signal of the proper polarity for application to the SWEEP circuitry. 


Figure 3-3 is the block diagram of the SWEEP circuitry section of the scope. 
For the moment, we'll ignore the Electronic Switch block (IC302) and the Re- 
current Switch Gate block (IC301A). With SW5 in the NORM position, as shown, 
both of these blocks are non-functional and do not affect the operation of the 
scope sweep circuitry. We will explain their operation later, The same applies 
to the Unblanking Pulse Amplifier block (Q308, Q309) and the Anti-Latchup 
Switch block (IC301B). These are auxiliary circuits that will be explained later, 


The trigger pulse, selected by SW8, is applied to the Input Shaper IC301C,. The 
negative output pulse from the Input Shaper is applied to the Ramp/Blanking 
Pulse Generator, 1C303, which is a bistable multivibrator, 


The output signal from the Ramp/Blanking Pulse Generator is a positive polarity 
pulse that is applied to the input of Inverter IC301D. After the signal has been 
inverted to a negative polarity signal, it is applied to Ramp Sweep Switch Q310. 
As a result, Q301 is cutoff, allowing the Sweep Ramp Signal to be generated as 
described in Project 2. | 


As the Sweep Ramp signal is being generated, a sample of this signal is applied 
to the Ramp Amplifiers, Q311 and Q312, which provide current gain and isolate 
the ramp sweep generating circuits from I1C304, When the positive-going 
sawtooth portion of the Ramp Sweep Signal reaches the required level, the Re- 
trace Multivibrator changes states, Since 1C304 is a monostable multivibrator, 
it will remain in its unstable state for a predetermined period of time, then 
switch back to its stable state. The method by which this time is determined 
will be discussed later, The negative polarity output pulse from IC304 is then 
fed back to the Ramp Blanking pulse generator, IC303, 
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The negative polarity feedback pulse to IC303 causes this bistable multivibrator 
to switch states once again, producing a negative polarity pulse at its output. 
This pulse is inverted by IC301-D and applied as a positive polarity pulse to the 
Ramp Sweep Switch, Q310, causing Q310 to saturate and the Ramp Sweep 
Signal to be shorted to ground, The entire ramp generating circuitry then re- 
mains in this state until another trigger pulse from IC301-C causes the action 
tO repeat. 


To summarize the circuit operation: a positive pulse at the input to IC301-C 
produces a negative pulse at the input to IC303, The output of IC303 goes 
positive, causing the output of IC301-D to go negative. This turns off Q310 

and allows the Ramp Sweep signal to be formed at the output of Q310. (This 
Ramp Sweep signal is amplified by the circuitry on the Horizontal Amplifier 
Circuit Board to produce horizontal deflection of the CRT beam.) Then the 
Ramp Sweep signal is applied through Q311 and Q312 to the Retrace Multi- 
vibrator, IC304, When it reaches a certain amplitude it triggers IC304. The 
output of 1C304 is a negative polarity pulse that is fed back to IC303, causing 
the output of 1C303 to go negative and the output of IC301-D to go positive. This 
turns on Q310, the Ramp Sweep signal is shorted to ground, and the CRT beam 
retraces, The circuitry remains in this condition until another trigger pulse is 
applied to the input of IC301-C, 


You will notice that the Anti-Latchup Switch, IC301B, also receives the same 
input signal as the Retrace Multivibrator, The Anti-Latchup circuit is a safety 
circuit that performs the same functions as the Retrace Multivibrator. However, 
the Anti-Latchup Switch is only activated if the Retrace Multivibrator does not 
function properly. The malfunctioning Retrace Multivibrator would allow the 
output of the Ramp Amplifiers to increase above a predetermined level. The 
increase in signal level above the predetermined level triggers the Anti-Latchup 
Switch, which in turn switches the Ramp/Blanking Pulse Generator and turns 

off the Sweep Ramp Signal. 


Again referring to Figure 3-3, when SW5 is set to the AUTO position, the 
circuitry will function either as a free-running oscillator or as a triggered 
oscillator depending upon the absence or presence of a trigger signal, With no 
trigger signal applied, the Electronic Switch, IC302, allows the Recurrent Switch 
Gate, IC301A, to provide the proper feedback of IC303, causing the sweep cir- 
cuitry to be recurrent, producing a sawtooth signal at the output of Q310, and 

a horizontal trace on the face of the CRT. 


When a trigger signal is obtained from the Input Shaper, IC301-C, it causes 
IC302 to turn off the Recurrent Switch Gate, IC301A. In effect, IC301A is re- 
moved from the circuit and there is no feedback to cause a recurrent sweep 
signal. Now, the trigger signal that is applied to I1C303 produces a triggered 
sweep signal in the same manner as described when SW5 was set to the NORM 
position, 
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In addition to producing the sweep signal, the circuitry of Figure 3-3 produces 
two other signals from the output of IC303, One of the outputs from the Ramp/ 
Blanking Pulse Generator is applied to the Unblanking Amplifier, Q308 and 
Q309. The output signal of the Unblanking Amplifier is the Unblanking Signal 
that is sent to the Power Supply Circuit Board, where it is processed and 
coupled to the CRT. The processed unblanking signal will be used to unblank 
the CRT during sweep time. 


The other output of the Ramp/Blanking Pulse Generator is the Retrace Blanking 
signal that leaves the SWEEP/TRIGGER CIRCUIT BOARD without amplification. 
The Retrace Blanking Signal is also applied to the Power Supply Circuit Board 
and processed, After processing, the Retrace Blanking signal blanks the CRT 
during retrace time. 


In the following discussion we will examine the circuit operation of the SWEEP/ 
TRIGGER CIRCUIT BOARD, as shown in Figure 3-4, In the discussion we will 
assume that all switches are as shown in Figure 3-4. The Sample Signal from 

the Vertical Amplifier Circuit Board is applied through the INT/EXT/LINE 
switch, SW3, capacitor C6, AC/DC/TV switch, SW4, and R302 to the gate of Q301 
R302, ZD301 and ZD302 limit Q301's input signal to 18V p=-p. 


With the TRIGGER LEVEL control, R13, in the center of rotation, the LEVEL 
SET control, R304, is adjusted for zero volts at the source of input Follower Q301, 
The TRIGGER LEVEL control is located in the base circuit, while the LEVEL 
SET control is located in the emitter circuit of Constant Current Source Q302. 


The output signal from Q301 is direct-coupled to the base of Q304,. Q304 and 
Q305 comprise the differential Trigger Amplifier, Q303, in the emitter circuit 
of Q304 and Q305, serves as a constant current source for the Trigger Amplifier, 
The amplified output signal from the Trigger Amplifier is also directed-coupled 
to the differential Output Stage Q306, Q307 for additional amplification. 


The circuitry of the Input Preshaper, IC301C, requires a positive pulse to 
trigger it. To satisfy this requirement, the SLOPE switch, SW8, is in the 
circuitry, This is necessary becauSe the input to the Vertical Amplifier Circuit 
Board may be of either polarity. Therefore, SW8 is necessary so that a positive 
pulse can always be obtained. A negative signal at the input of Q101 (not shown 
in Figure 3-4) will cause a positive signal to be present at lug 1 of SW8, anda 
negative signal at lug 3. In order to apply a positive pulse to IC301C, SW8 is 
switched to the negative (-) position. 


To start the explanation of the sweep circuitry, let's first assume that there 
are no trigger pulses applied and SW5 is in the NORM position. Under these 
conditions, all inputs to IC303 (pins 2, 12 and 13) are high, causing the output 
at pin 8 to be low. This causes the output at pin 11 of IC301-D and the input to 
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the base of Q310 to be high, the collector of Q310 to be grounded, and the 
Sweep Ramp signal is zero, This zero signal is coupled through Q311 and 
Q312 to input pin 5 of 1C304, causing this monostable multivibrator to remain 
in its stable state. Thus, all of the circuitry is at rest, no sweep signal is 
generated, and there is no trace on the face of the CRT. 


When a trigger signal is present, a negative polarity pulse is obtained from 

pin 8 of 1C301-C and applied to pin 12 of IC303, Since IC303 is a bistable 
multivibrator, the pulse at pin 8 causes it to change states so that pin 8 goes 
high, the output at pin 11 of IC301-D goes low, the base of Q310 goes low, and 
Q310 is cutoff. This allows the ramp sweep signal to be formed at the Q310 
collector, The signal is amplified by Q311 and Q312, then applied to the pin 5 
input of IC304, When the ramp signal reaches a predetermined amplitude 

(about 3.5 volt p-p), I1C304 is triggered into its unstable state and produces a 
negative polarity output pulse at pin 1. The width of the output pulse from 

1C304 is determined by the value of the capacitor (C16 through C22) selected 

by SW6B FRONT. This pulse is coupled through D308 to pin 2 of IC303, 

causing pin 8 of 1C303 to go low. This pulse is inverted by IC301D, and applied 
as a positive pulse to the Ramp Sweep Switch, Q310. Q310 then saturates, short- 
ing the Ramp Sweep signal to ground, causing retrace, The circuitry remains 

in this condition until the next input trigger signal causes the cycle to repeat. 

As a result, a horizontal trace is seen on the face of the CRT that is synchronized 
by the input trigger signal. 


When SW5 is set to the AUTO position, the circuitry functions either as a free- 
running oscillator or as a triggered oscillator, depending upon the absence or 
presence of a trigger pulse at pin 9 of IC301C. When no trigger signal is pre- 
sent, the high voltage level at pin 6 of I1C302 allows IC301A to provide the pro- 

per feedback to pin 13 of IC303. This causes the sweep circuitry to be recurrent, 
a sawtooth signal is produced at the output of Q310, and a trace appears on the face 
of the CRT. 


When a trigger signal is obtained from pin 8 of IC301C, it causes the voltage 

at pin 6 of I1C302 to go low. This low turns off the Recurrent Switch Gate, IC301A, 
The result of this action is that IC301A is effectively removed from the circuit, 
and no feedback is applied to pin 13 of IC303. Therefore, a recurrent Sweep 
Ramp Signal will not be generated. Instead, the trigger signal that is applied 

to pin 12 of I1C303 produces a triggered Sweep Ramp Signal in the same manner 

as described when SW5 is in the NORM position, 


The main purpose of the SWEEP circuitry is to produce the sweep signal. How- 
ever, the Ramp/Blanking Pulse Generator output signals perform additional 
functions, During trace time, the voltage level at pin 8 of 1C303 is high, A 
sample of this voltage is applied through R319 to the Unblanking Amplifiers, 
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Q308 and Q309, The signal is amplified and inverted by the Unblanking 
Amplifiers. The amplified signal is coupled through R324 to point G, and leaves 
the circuit board. 


During Retrace time, the positive-going change at pin 6 of 1C303 is used to blank 
the CRT. This signal leaves the Sweep/Trigger Circuit Board at point R. 


PROCEDURE 


BUILDING THE SWEEP/TRIGGER CIRCUIT BOARD 


1, The components for the assembly of the SWEEP/TRIGGER CIRCUIT BOARD 
are included in shipment WBS-2., 


2. Refer to the Assembly and Operation Manual which provides step-by-step 
instructions for building the circuit board, 


3. The list of components required for the assembly of the Sweep Trigger 
Circuit Board is on pages 31 through 33 of the assembly manual. Open the 
package that contains components for the Sweep/Trigger Circuit Board, Check 
the parts you received in shipment WBS-2 against the parts list on pages 31 
through 33 to ensure that you received all of the required parts. If any part 

is missing or defective, follow the instructions in the assembly manual to 
obtain a replacement part, 


4, Follow the assembly procedures given on pages 34 through 41 of the Assembly 
and Operation Manual. Be sure your soldering iron is clean and properly tinned, 
Take your time and be sure that all components are properly installed and all 
solder connections are properly made, The Sweep/Trigger Circuit Board has 
some connections that are rather close. So be careful to avoid solder bridges 
across foil conductors, 


5. After you have completed the assembly of the Sweep/Trigger Circuit Board, 


visually inspect the board to ensure that all connections have been properly 
made and soldered, and proceed with the following steps in this project. 


TEST NO. 1 


PRELIMINARY RESISTANCE CHECKS 


1, Inthis procedure you will check your wiring and installation of components 
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on the board before making voltage measurements, If a mistake was made in 
the installation of components, or if there is a defective component, damage 
could result when the operating voltages are applied. For this reason, it is 

a good idea to check the de resistance of circuits on the board before applying 
power tothe board, This will help you to locate any possible errors or defects 


and minimize the chance that operating voltages may damage components on 
the board, 


PROCEDURE 


1, Begin by preparing the appropriate wire lengths shown in Table 3-l. To 
prepare the wires, cut them to the correct lengths and then strip 1/4" of in- 
sulation from one end and 1/2" of insulation from the other. After the wires are 
prepared, tack solder the 1/4" end into the PC board at the points indicated in 
Table 3-1. These wires will be removed later on, 


2. Arrange the modular connectors and install the PC board as shown in 
Layout 3-1. NOTE: Be sure to position the board with the part number at the 
top center as shown, It may be necessary to tack an extra piece of bare wire 
to the end of the shield cable to ensure good contact in the modular connector, 


3. Insert a wire in each modular connector. Be sure the wire from each 
lettered point is inserted in the appropriately lettered modular connector, 
NOTE: The black wire coming from point T should not be connected to a modu- 
lar connector. 


4, Clip the black lead of your DMM to the black wire connected at point T on 
the PC board, 


5. Set all variable controls to their center of rotation. 


6. Measure the resistance at all the lettered points indicated in Table 3-2, 
These measurements should be made at the appropriate modular connectors as 
indicated in Layout 3-1. All resistances should be within 20% of those listed 
in Table 3-2, 


If the resistance at any point varies by more than +20% of that shown in Table 
3-2, look for an error in assembly. 


After all resistances have been checked and found to be within tolerance, remove 
the DMM clip lead from the wire at point T, but leave the wire connected to 
this point. Then continue with the following steps in this manual, 
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ANALYSIS: TEST NO. 1 


1, If C305 shorted, what would be the resistance reading at point L? 


2. If Q310 shorted, what resistance would be measured at point P? 


TEST NO. 2 
PRELIMINARY VOLTAGE CHECKS 


PROCEDURE 


1.” Construct circuit Layout 3-2, 


2. Be sure the 102 and 202 resistances are installed correctly, as shown in 
Layout 3-2, 


3. Be sure a black wire is connected between REG DC (-) terminal and 0 VAC 
terminal, 


4, DO NOT connect the output of -9V power supply to the wire coming from K 
at this time. 


5. DO NOT connect the output of the REG DC (+) power supply to the wire 
coming from L at this time, 


6. DO NOT connect the brown wire coming from point H on the circuit board to 
the modular connector H at this time. Instead, position the free end so that it is 
not touching any electrical point, 


7, Turn on the design console and check the output of the -9V power supply to 
make sure that the voltage and polarity is correct, NOTE: The voltage will 
probably measure slightly high when unloaded. 


8. Adjust the output of the REG DC supply for a +5 volt reading at modular 
connector H, 


9. Turn off the design console and connect the yellow wire coming from point 
K on the PC board to the output of the -9V power supply. 


10, Connect the red wire coming from point L on the PC board to the REG DC 
(+) terminal, 
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11, Connect the brown wire coming from point H on the PC board to modular 
connector H, 


12, Turn on the design console and recheck the voltages. If necessary, re- 
adjust the output of the REG DC supply for +9V. 


13, Prepare the 5 kX pot as shown in Figure 3-5, 


14, Double check your work, Make sure that all wiring is connectedas shown 
in Layout 3-2, Be certain that the 5 k2 pot is connected properly. 


15. Connect the black DMM lead to the REG DC (-) terminal which will serve 
as circuit ground, 


16, Measure the voltages of all the lettered points indicated in Table 3-3, All 
voltages should be within 20% of those listed in Table 3-3. 


17. Turn off the design console, 
ANALYSIS: TEST NO. 2 


1, Why are the voltages at W and V different? 


TEST NO. 3 
PRELIMINARY CALIBRATION 


In this test you will perform a preliminary calibration procedure on the circuit 
board, However, it will be necessary to recalibrate the board later, 


PROCEDURE 


1, Construct circuit Layout 3-3, 
2. Install the 5 k2 pot on the design console as shown in Layout 3-3, 
.3. Set the 5 kQ pot to the center of rotation. 


4, Install a 3-1/2"' black wire between the REG DC (-) terminal and modular 
connector B, 
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5. . Turn on the design console, 

6, Measure the REG DC supply and readjust for +9V, if necessary. 

7. Set the voltmeter to measure 1,5 volts DC. Touch the meter probe to the 
S (source) lead of transistor Q301 on the sweep-trigger circuit board (see 


Figure 3-6) and turn the LEVEL SET control to obtain a zero volt reading. 


8. Alternately measure the voltage at modular connectors W and V, Adjust 
the 5 kQ pot until the voltages are approximately equal. 


9. Turn off the design console, 


ANALYSIS: TEST NO. 3 


1, If the de voltage at the source of Q301 were .3V, would the voltages at points 
W and V be equal? Explain your answer, 


TEST NO. 4 


AC SIGNAL TRACING 


In this test we will be applying a signal to the input of the board and tracing the 
signal through the stages, The test signal source will be the output signal from 
the design console sinewave generator, The Sweep/Trigger Circuit Board 
normally processes a sample of the vertical input signal, However, the circuit 
board is capable of processing an external sinewave, For this reason, a sine- 
wave input will provide a reliable test of circuit board operation, Be sure that 
Test No. 3 has been completed before starting the test. 


PROCEDURE 


1, Prepare the MQ pot as shown in Figure 3-7, 


2. Construct circuit Layout 3-4, Refer to Figure 3-8 for the basing diagram 
of the transistor, The external PNP transistor and its associated components 
will function as a ramp sweep generator for this test, 
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3. Be sure there is a wire connected from REG DC (-) binding post to the 
0 VAC binding post, 


4, Be sure the 5 k2 and 1 M® pots are installed properly, Also, check to be 
sure that all wires are installed in the proper modular connectors, 


5. Double check the polarity of the capacitors to be sure they are installed 
properly. 


6, Check the transistor to be sure it is installed properly. 

7, Set the design console frequency adjustment control fully counterclockwise. 
8. Turn on the design console, 

9. Adjust the REG DC output for a +9 volts. 

10, Set your DMM to measure 4.0 VAC, 

11, Connect the meter ground to circuit ground (-REG DC). 

12, Connect the red DMM lead to point B and adjust the 1 MQ pot for a 4.0 VAC 
reading. NOTE: When making signal voltage measurements in the following 


steps, allow the DMM reading to settle, when necessary, 


13, Measure and record the signal voltage at the source of Q301 by touching 
the red DMM probe to point 1. (Refer to Figure 3-9. ) volts, 


14, Determine the gain of Q301, 

15, Set your DMM to measure .50 VAC, 

16, Adjust the 1 M2 pot fully counterclockwise, 

17, Connect the red DMM lead to point B and adjust the 1 MQ pot for a .50 VAC, 


18, Measure and record the signal voltage at the base of Q304 by touching the 
red DMM probe to point 1, (Refer to Figure 3-9. ) volts, 


19, Measure and record the signal voltage at the collector of Q304 by touching 
the red DMM probe to point 2, (Refer to Figure 3-9. ) volts, 


20. Determine the gain of Q304, 
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21, Measure and record the signal voltage at the emitter of Q304 by touching 
the red DMM lead to point W. 


22, Determine the gain of Q306. 


23, With a .50 VAC input, determine the overall gain from the input to the 
Slope Switch (SW8). 


NOTE: In the following steps we will be observing the action of the pulses of 
the Sweep/Trigger Circuit Board. 


24, Observe the action of the Retrace Blanking signal by touching the red DMM 
lead to point 3. (Refer to Figure 3-9, ) 


25, Observe the action of the Unblanking signal by touching the red DMM lead 
to point 4. (Refer to Figure 3-9), 


26. Observe the action of the clear pulses of IC303 by touching the red DMM lead 
to point 5, (Refer to Figure 3-9), 


27, Observe the action of the Retrace Multivibrator by touching the red DMM 
lead to point M, (Refer to Figure 3-9), 


28. Set the DMM to measure 1.5 VAC, 
29, Connect the red DMM lead to point P. 


30, Slowly rotate the SWEEP CAL control in both directions and observe its 
effect. 


31, Turn off the design console. 
This completes the test on the SWEEP/TRIGGER circuit board, Remove the 
printed circuit board from the design console, and remove the temporary wires 


(see Table 3-1), Disassemble the circuit on the design console and set the 
board aside until it is called for in the chassis assembly instructions. 


ANALYSIS: TEST NO. 4 


Assume a.,1 uF capacitor is installed between modular connectors M and N. 
Would the voltage observed at point M fluctuate faster or slower? Why? 
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2. If the wiper of the TRIGGER LEVEL control is moved toward lug 3, 
what is the effect on the voltage at point V? Why? 


PROJECT 3: ANALYSIS ANSWERS 


TEST NO. 1 


1, 2,78, because with the capacitor shorted you are measuring across R325, 


2. Zero, because the shorted transistor acts as a length of wire between point 
P and circuit ground, 


TEST NO. 2 


1, Since the circuit is not balanced, Q306 and Q307 are biased differently. The 
difference in biasing causes the two transistors to have different conduction 
levels. Because of the difference in conduction levels, different voltage levels 
will be present at points W and V, 


TEST NO. 3 


1, No, because the .3V at the source of Q301 is also applied to the base of 
Q304, increasing its conduction. As the conduction level of Q304 increases, 

the conduction level of both Q305 and Q306 decrease. The decrease in conduction 
level of Q305 causes an increase in conduction of Q307. This is because a higher 
positive level is being applied to the base of Q307. As the conduction level of 
Q307 increases, a higher positive level will be present at point V. A lower 

level will be present at W because the conduction level of Q306 is decreasing. 


TEST NO. 4 


1, Faster, because a.1 wF capacitor would provide a shorter RC time constant, 
Therefore, the width of the output pulse from the Retrace Multivibrator will be 
shorter. 
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2. Point V will become more positive, As the wiper of the TRIGGER LEVEL 
control (R13) is moved toward lug 3, Q302 conduction level decreases, As the 
conduction level of Q302 decreases, the conduction level of Q304 increases, This 
causes the conduction level of both Q305 and Q306 to decrease, The decrease in 
conduction level of Q305 causes an increase in conduction of Q307. As the 
conduction level of Q307 increases, a higher positive level will be present at 


point V. 
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Figure 3-4 is a foldout and is inserted in the back of this Manual. 
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PROJECT 4 


POWER SUPPLY CIRCUIT BOARD 
PARTS NEEDED 


IOD-4540 Power Supply Circuit Board Assembly Parts 


4 Modular Connectors 
DISC USSION 


In this project, you will construct and make resistance tests on the POWER 
SUPPLY CIRCUIT BOARD of your oscilloscope. As indicated in the block 
diagram of Figure 4-1, the power supply provides the necessary dc voltages and 
currents that cause the other circuits to function properly. In addition to 
providing the necessary operating voltages, the Power Supply Circuit Board 
also contains most of the circuitry necessary for the blanking and unblanking of 
the CRT, 


The functional block diagram of the Power Supply Circuit Board is shown in 
Figure 4-2, The figure shows that the circuit board has five basic functions, 
The Retrace Blanking Circuit receives the Retrace Blanking Signal from the 
Sweep/Trigger Circuit Board, processes the signal, and applies the processed 
signal to the control grid of the CRT. The output signal from the Retrace 
Blanking Circuit blanks the CRT during retrace time. 


The Unblanking Circuit unblanks the CRT during sweep time. The Unblanking 
Circuit receives the Unblanking Signal from the Sweep/Trigger Circuit Board, 
and after processing the signal, applies it to the CRT cathode. 


The High Voltage Supply produces approximately -1400 volts de for the CRT 
cathode, This voltage provides the necessary trace brightness when the Un- 
blanking Circuit unblanks the CRT. The -1400 volts is also applied to one 
side of the CRT filament to prevent cathode-to-filament arcing. 


The Low Voltage Supply provides the low voltages that are required for the 


operation of most of the circuitry in your scope. The three regulated output 
voltages from the Low Voltage Supply are +9 volts dc, +5 volts dc, and -9V dc. 
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The Plate Voltage Supply develops +180 volts dc, which is the operating voltage 
for the Output Stage of the Horizontal Amplifier Circuit Board. The +150 volt 
dc supply is the operating voltage for the Vertical Amplifier Circuit Board 
Output Stage. 


The schematic diagram of the I1OD-4540 Power Supply Circuit Board, the CRT 
control circuitry and other associated circuits are shown in Figure 4-3, The 
Retrace Blanking Circuit, which is a CRT control circuit, is located on the 
Power Supply Circuit'-Board, The purpose of the Retrace Blanking Circuit, 
Q401 and associated components, is to apply a negative voltage on the CRT 
control grid during sweep retrace time. This is initiated by the Retrace 
Blanking Signal, which is a positive-going signal, The Retrace Blanking Signal 
causes 2401 to conduct heavily —-- at or near saturation. This heavy conduction 
level causes a negative polarity pulse to be present at the collector of Q401. 
This negative polarity pulse is then coupled through C403 to the control grid 

of the CRT, causing cutoff of the electron beam current and blanking the retrace 
on the face of the CRT. 


At the end of retrace time, the Retrace Blanking Signal returns to its low level, 
cutting off Q401. This causes the collector voltage of Q401 to increase toward 
+180 volts. However, ZD403 prevents Q410's collector voltage from increasing 
above +68 volts, which is the proper operating voltage for Q401. 


The Retrace Blanking Circuit cuts off the CRT beam current during sweep 
retrace time. However, the Unblanking Circuit controls the intensity of the 
trace during sweep time. The Unblanking Circuit receives the Unblanking 

Signal from the Sweep/Trigger Circuit Board, The Unblanking signal, which 

is a negative-going pulse, is applied to pin 1 of Optical Isolator 1C401, and places 
pin 1 at ground potential. 


IC40lis anoptical isolator which uses light for switching instead of an electrical 
connection, This circuit provides isolation between the low and high voltage 
sections of the oscilloscope. Inside the IC there is an LED (light emitting 
diode) and a phototransistor. When the LED is turned on, light strikes the base 
region of the phototransistor, turning it on. Conversely, when the LED is turned 
off, the phototransistor turns off, 


When the negative Unblanking Signal is applied to the LED in the Optical Isolator, 
the LED no longer emits light. Consequently, the phototransistor cuts off, 

This causes a large resistance to be present from the base to the emitter of 
Q402, causing Q402 to be forward biased and to conduct heavily. When Q402 is 
conducting, its internal resistance is low and its collector-to-emitter voltage 

is low. Since the collector-to-emitter voltage of Q402 is the CRT bias voltage, 
the CRT bias voltage is low and the CRT is turned on, By varying the INTENSITY 
control, R28, the conduction through Q402 changes, thereby changing the bright- 
ness of the CRT trace. 
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At the end of sweep time, the Unblanking Signal rises to its positive voltage 
level. The positive voltage level forward biases the LED in I1C401, and the 
LED emits light. The light from the LED brings the phototransistor into 
conduction, causing 2402 to cut off. This causes the Q402 collector-to-emitter 
voltage to be high, which in turn, biases the CRT so that the CRT beam is 
blanked until the next trace starts. 


The High Voltage Supply consists of the high voltage secondary of Tl anda 
voltage doubler which is comprised of D401, D402, C405, C406, C404, and R408. 
The dc voltage input to the voltage doubler is approximately 570 volts rms, The 
High Voltage Supply provides approximately -1400 volts de for the CRT. 


The Low Voltage Power Supply and the Plate Voltage Supply both use bridge 
rectifiers and RC m filters, T2 has a separate secondary winding for each 
supply. ZD415, ZD413, and ZD414 regulate the +9 volt, +5 volt, and -9 volt 

dc supplies respectively. Regulators are not used in the +180 volt and +150 volt 
dc supplies in the Plate Voltage Supply. 


T2 has a secondary winding that provides 1 volt, peak-to-peak, 60 Hz to the 
INT/EXT/LINE switch, SW3, The voltage from this secondary winding is used 
to trigger the Sweep/Trigger Circuit Board when SW3 is in the LINE position. 


PROCEDURE 

Building the Power Supply Circuit Board 

1. Refer to the Operation and Assembly Manual which gives the step-by-step 
construction procedure for building the Power Supply Circuit Board, 

2. The components used on the Power Supply Circuit Board are listed and 
shown on pages 43 through 45 of the Assembly and Operation Manual, Check 


the parts that you have received against this parts list. 


3. Follow the construction procedures given on pages 46 to 52 in the assembly 
manual, 


4, When you have completed the Power Supply Circuit Board and are sure that 
your assembly is correct, continue with the following steps in this project, 


Since it is not practical to apply voltages to the Power Supply Circuit Board, 
the test will be limited to making resistance measurements, Do not plug in 


the Design Console for these tests. 


9575 
4-3 


4-4 POWER SUPPLY CIRCUIT BOARD 
TEST NO. 1 

1, Prepare a 4" length of black hookup wire by stripping 1/4'' of insulation 
from one end and 1/2"' of insulation from the other end. 

2. Insert the end of the wire that has 1/4" of insulation stripped from it into 
the hole at point DD of the Power Supply Circuit Board. Insert the wire from 


the component side of the board, and tack solder the wire to the foil, 


3, Install 4 modular connectors on your design console as shown in Layout 4-1, 
It will not be necessary to connect any wires to these connectors, 


4, Place the Power Supply Circuit Board, foil side up, on the design console 
as shown in the layout, 


5. Clip your black DMM test lead to the 4'' black wire soldered to point DD, 
6. Measure the resistance of all points listed in Table 4-1 with respect to 
point DD, which is circuit ground, Refer to Layout 4-1 to locate the points 


listed in the table. All resistances should be within +20% of those listed in 
Table 4-1, 


ANALYSIS: TEST NO. 1 


1, Why are so many of the readings INFINITE? 


TEST NO. 2 


1, Reverse the red and black meter leads at the input to the DMM, 


2. Measure the resistance of all points listed in Table 4-2 with respect to 
point DD, Refer to Layout 4-1 to locate the points, All resistances should be 
within +20% of those listed in the table. 
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ANALYSIS: TEST NO. 2 


1. Why did the resistance at so many of the points change frominfinity to a 
relatively low reading? 


ANALYSIS ANSWERS: PROJECT 4 


TEST NO. 1 


% 
1, When the ohmmeter applies voltage to the circuitry on the Power Supply 
Circuit Board, it reverse biases the diodes on the board, 


TEST NO. 2 


1, Now, the voltage from the ohmmeter has the opposite polarity, the Power 
Supply diodes are forward biased, and they conduct. 


This completes the tests on the Power Supply Circuit Board. Remove the 4!'! 
black wire from the hole at point DD. Set the circuit board aside until it is 
called for in the chassis assembly instructions. Now, proceed to Project 5, 


EXAM 


Complete Exam 9575-2 and return the exam card to the Instruction Department, 
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Figure 4-3 is a foldout and is inserted in the back of this Manual. 


FIGURE 4-3 
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QUESTIONS 


IMPORTANT — These instructions MUST be accurately followed to avoid loss, or errors 


TOU W000) W000 WU 0 Oo) SO On) Wo en 


LESSON CODE 


9575-2A 


in grading. 


Indicate your answer on this sheet by filling in the box for the most correct 
answer to each question. 


When all questions have been answered, place the answer card in the proper 
position to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, 
and fill in the answer boxes to correspond with those previously filled in 
on this sheet. 


Before mailing, be certain your correct student number, name and address 
appear on the card. 


Assume SW5 is in the NORM position and no trigger pulses are applied to IC301C, pin 9. 
Which of the following circuit conditions are present? (Refer to Figure 3-4) 

(A) The base of Q310 is high, ramp is being generated. (B) The base of Q310 is low, ramp 
is being generated. (C) The base of Q310 is high, no ramp is generated. (D) The base of 
Q310 is low, no ramp is generated, 


Clock pulses at pin 12 of IC303 will cause it to change states when (Refer to Figure 3-4) 
(A) pin 13 is high, pin 2 is low. (B) pin 13 is low, pin 2 is high. (C) pin 13 is low, pin 2 
is low. (D) pin 13 is high, pin 2 is high. 


When a trigger signal is applied to pin 3 of IC302, the voltage level at pin6 (Refer to Figure 
3-4) 
(A) goes high. (B) goes low. (C) goes high then low. (D) remains the same. 


What is the main purpose of the signal at pin 6 of IC303? (Refer to Figure 3-4) 

(A) It is used to blank the CRT during sweep time. (B) It is used to unblank the CRT during 
retrace time. (C) It is used to unblank the CRT during sweep time. (D) It is used to blank 
the CRT during retrace time. 


When a negative signal is present at point K of the Power Supply Circuit Board (Refer to 
Figure 4-3) 

(A) Q402 blanks the CRT during sweep. (B) Q402 unblanks the CRT during sweep. (C) Q402 
unblanks the CRT during retrace, (D) Q402 blanks the CRT during retrace, 
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PROJECT 5 


CHASSIS ASSEMBLY AND CALIBRATION PROCEDURE 


PARTS NEEDED 


IOD-4540 Chassis Assembly Parts 


1 


Type 7400 Integrated Circuit 1439000 (3. 9Rki), ly) 2 Ww 10% 


Resistor 


1 - IN4004 Silicon Diode 
1- .Ol uF, 100V, Disc Capacitor 


1 - 1002, 1/2 W, 20% Resistor 
1 - 14 pin Integrated Circuit 
1 - 3902, 1/2 W, 10% Resistor Socket 
1 - 4702, 1/2 W, 20% Resistor 17 - Modular Connectors 
1 - 5602, 1/2 W, 10% Resistor No. 22 Hookup Wire 
DISC USSION 


In this project you will assemble the oscilloscope chassis and mount the boards 
assembled in projects 1 through 4, Also, you will calibrate the scope for 
proper operation, 


PROCEDURE 


TEST NO. 1 


CHASSIS ASSEMBLY 


1, The components for the assembly of the chassis are included in WBS-3, 
Also included are parts necessary for performing the calibration procedure of 
test 2 in this project. 


2. Refer to the Assembly and Operation Manual which provides step-by-step 
instructions for assembling the chassis, 
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3. The list of parts required for the assembly of the chassis is on pages 53 to 
61 of the assembly manual. Check the parts you received in shipment WBS-3 
against the parts list on pages 53 to 61 to ensure that you received all of the 
required parts. If any part is missing or defective, follow the instructions in 
the assembly manual. You should also have a separate bag with experimental 
parts. There should be two parts in the experimental bag: an IC (type 7400) 
and a 5602, 1/2 W resistor. 


4, Follow the assembly procedures given on pages 62 through 109 of the 
Assembly and Operation Manual. Be sure your soldering iron is clean and 
properly tinned, Take your time and be sure that all components are properly 
installed and all solder connections are properly made. There are some 
connections that are close, So be careful to avoid solder bridges. 


5. After you have completed the assembly of the Chassis, visually inspect it 
to see that all connections have been properly made and soldered. Then perform 
the Initial Test on page 111 of the Assembly and Operation Manual, 


6, After you have completed the assembly and initial test, perform the steps 
in Test No. 2 of this project, 


TEST NO. 2 


CALIBRATION PROCEDURE 


In this project you will set the circuit board and 
front panel controls of your Oscilloscope for 
proper operation, To do this you will needa 
high input impedance voltmeter, Perform the 
adjustments exactly as instructed and DO NOT 
connect the line cord to an AC outlet until you 
are instructed to do so, 


Refer to Figure 1-2 in the Illustration ( ) TRIG LEVEL: Center of 
Booklet for the following steps. rotation, 

Set the front panel controls as ( ) HORIZ POS: Center of rotation, 
follows: 


( ) TIME/CM; § X10. 
( ) INTENSITY: Fully clockwise. 

( ) SWEEP VAR/HORIZ GAIN: 
( ) FOCUS: Center of rotation. Fully clockwise. 
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ere VORTS/GMsy502: 


( ) VARIABLE: Fully clockwise. 


( ) VERT POS: Center of rotation, 


( ) AC-GND-DC: GND 


( ) OFF-ON switch: OFF. 


( ) INT-EXT-LINE switch: _ INT. 
f)) AC-DC-=LV switch: AC. 


( ) POSITIVE (+) NEGATIVE (-) 
switch: +, 


( ) AUTO-NORMAL switch: AUTO, 


( ) Set the ASTIGMATISM control on 
the chassis (see Figure 1-3 in 
the Illustration Booklet) to the 
Center Of its rotation. 


Set the following controls on the 
Vertical Amplifier Circuit Board as 
follows, 


( ) DC LEVEL: Center of rotation. 


( ) POS ADJ: Center of rotation. 


( ) PLATE VOLTS ADJ: 
rotation, 


Center of 


( ) VERTICAL CAL: 
rotation, 


Center of 


( ) DC BAL: Center of rotation. 

( ) TRIMMER C107: Turn the screw 
down until it is snug. Then turn 
the screw counterclockwise 3/4 
Gtrar turn, 


Set the following controls on the hor- 
izontal amplifier circuit board as 
follows: 


( ) SWEEP LENGTH: 
rotation, 


Center of 


( ) PLATES VOLTS ADJ: Center 


of rotation, 
( ) DC BAL: Center of rotation. 
Set the following controls on the 
sweep-trigger circuit board as 
follows: 


( ) SWEEP CAL: Center of rotation. 


(.) LEVEL SET: Center of rotation. 
CAUTION: Voltages in some areas of 
the oscilloscope may exceed 1300 
volts. Be very careful when you 
make the following adjustments. 

Make sure the oscilloscope is set 

On a nonmetallic surface and is not 
within reach of a water pipe or other 
ground conductor, The dangerous 
voltage areas are shown on pages 150 
and 151 of the Assembly Manual, 


( ) Connect the oscilloscope line 
cord to an AC outlet, 


( ) Connect the negative voltmeter 
lead to the chassis of the 
oscilloscope, 


( ) Set the voltmeter to measure 
L 5ayoltsebC. 


NOTE: If you do not get the proper 
results in the following steps, recheck 


the steps to make sure you have adjusted 


the correct controls, 
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( ) Set the ON-OFF switch on the 
oscilloscope to the ON position, 
The red POWER lamp should 
light, Allow the oscilloscope 
at least one minute to warm up. 


VERTICAL AMPLIFIER ADJUSTMENTS 


Perform the following adjustments on 
the Vertical Amplifier Circuit Board, 


Refer to Figure 1-3 in the Illustration 
Booklet for the following steps. 


( ) Touch the meter probe to the 
front lug of the VERT CAL 
control and adjust the DC BAL 
(DC Balance) control to obtain 
a zero volt reading. Check for 
both a positive and negative 
voltage, 


( ) Set the voltmeter to measure 150 
Volts mG. 


( ) Alternately measure the Q109 and 
Q110 collector voltages at the 
metal tabs on top of the tran- 
sistors, Adjust the POS ADJ 
(Position Adjust) control until 
both collector voltages are the 
same, NOTE: As the voltage 
at one collector decreases, the 
voltage at the other collector 
will increase, If this does not 
occur, recheck the VERT POS 
control on the front panel to 
ensure it is in the center of the 
rotation, 


( ) Again measure the voltage at the 
Q109 and Q110 collectors, Turn 
the PLATE OLTSIAD Ji controura 
obtain 80 volts at each collector, 
NOTE: If the voltage at both col- 
lectors is not the same, repeat 
the previous step and then return 
to this step. 


Vertical Balance Adjustment 


( ) Turn the VARIABLE control on 
the front panel full counterclock- 
wise, 


( ) Using the VERT POS (Vertical 


Position) control on the front 
panel, position the dot on the 
CRT so it is on one of the 
horizontal graticule lines, 


( ) Now turn the VARIABLE control 


fully clockwise. If the dot moves 
up or down, adjust the DC BAL 
control on the Vertical Amplifier 
Circuit Board to reposition the 
dot back on the line, 


( ) Repeat the previous three steps 


until there is no movement, 


NOTE: Because of the normal aging 
of your oscilloscope, you may have to 
repeat this adjustment periodically, 
To determine if the adjustment is 
necessary, turn the VARIABLE 
control from one end to the other 


and see if the dot (or trace) moves 
up or down, It should remain in the 


same place, 
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HORIZONTAL AMPLIFIER 
ADJUSTMENTS 


Perform the following adjustments on 
the Horizontal Amplifier Circuit Board. 


( ) Set the voltmeter to measure 1.5 
volts DC, 


Refer to Figure 1-3 of the Illustration 
Booklet for the following steps. 


( ) Touch the meter probe to the 
collector (C) lead of transistor 
Q202 and adjust the DC BAL 
(DC Balance) control to obtain 
a zero volt reading. Check for 
both a positive and negative 
voltage, 


( ) Set the voltmeter to measure 150 
volts, 


( ) Alternately measure the Q207 and 
Q208 collector voltages at the 
metal tabs on top of the tran- 
sistors, Adjust the HORIZ POS 
(Horizontal Position) control on 
the front panel until they are 
equal, NOTE: As the collector 
voltage on one transistor de- 
creases, the collector voltage 
on the other transistor will 
increase, 


( ) Again measure the Q207 and Q208 
collector voltages at the metal 
tabs on top of the transistors, 
Turn the PLATE VOLTS ADJ 
control to obtain 90 volts on the 
metal tabs, NOTE: If the volt- 
age on both transistor tabs is not 
the same, repeat the previous step 
and then return to this step. 


Horizontal Balance Adjustment 


( ) Turn the SWEEP VAR/HORIZ 
GAIN control fully counterclock- 
wise, 


( ) Using the HORIZ POS (Horizontal 
Position) control on the front 
panel, position the dot on the 
CRT so it is on one of the verti- 
cal graticule lines, 


( ) Now turn the SWEEP VAR/HORIZ 
GAIN control fully clockwise. If 
the dot moved left or right, adjust 
the DC BAL control on the 
Horizontal Amplifier Circuit 
Board to reposition the dot back 
on the line. 


( ) Repeat the previous three steps 
until there is no movement, 


NOTE: Because of the normal aging 
of your oscilloscope, you may have 

to repeat this adjustment periodically. 
To determine if the adjustment is 
necessary, turn the SWEEP VAR/ 
HORIZ GAIN control from one end to 
the other and see if the dot (or trace) 
moves left or right. It should remain 
in the same place, 


TRIGGER CIRCUITS 


Make the following adjustments on 
the front panel, 


Refer to Figure 1-2 of the Illustration 
Booklet for the following steps. 


0-6 


) Adjust the FOCUS control to obtain 


the smallest, sharpest spot of 
light on the CRT, 


) Adjust the ASTIGMATISM control 
on the chassis (refer to the 
Illustration Manual Figure 1-3) 
to obtain the smallest, sharpest 
spot of light on the CRT. 


) Set the TIME/CM selector to the 
2 mS position, 


) Make sure that the VARIABLE 
control on the TIME/CM selector 
is turned fully clockwise. 


Refer to Figure 1-3 of the [Illustration 
Booklet for the following steps. 


( 


ls 


) Set the voltmeter to measure 1.5 
volts DC, 


) Touch the meter probe to the S 
(source) lead of transistor Q301 
on the Sweep/ Trigger Circuit 
Board and turn the LEVEL SET 
control to obtain a zero volt 
reading. Check for both a posi- 
tive and negative voltage, 


) Disconnect the voltmeter and set 
it aside, 


) Inspect the trace on the CRT to 
see if it is parallel with the hori- 
zontal lines on the graticule, 


( ) Grasp the CRT just back from 
the front panel and turn the 
tube while noticing the rela- 
tionship of the trace to the 
graticule lines, Turn the tube 
to make the trace parallel 
with the graticule lines, 
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2. ( ) Make sure the CRT is posi- 
tioned fully forward, Then 
tighten the CRT clamp screws, 
Tighten these screws only 
enough to keep the CRT 
from moving. 


Trimmer Preset 


Refer to Figure 1-5 in the Illustration 
Booklet for the location of the trimmer 
screws, 


( ) Disconnect the line cord from 
the AC outlet. 


( ) Position the oscilloscope on its 
right side (transformer cage 
side). 


NOTE: To adjust the trimmer screws, 
you must insert the screwdriver through 
the holes in the shield, 


( ) Adjust the trimmer screws (C2-A, 
C2-B, C2-C) down until they are 
snug but not tight, 


( ) Turn out the screw in trimmer 
C2-A exactly 3/4 turn. 


( ) Turn out the screw in trimmer 
C2-B exactly 3/4 turn. 


( ) Turn out the screw in trimmer 
C2-C exactly 3/4 turn, 


( ) Position the oscilloscope back in 
its normal operating position, 
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SWEEP CALIBRATION ( ) Apply the 1V (P-P),60 Hz signal 
to the vertical INPUT of the 
oscilloscope. (Use a meter lead.) 

( ) Reconnect the line cord to the 

AC outlet. ( ) Set the TIME/CM selector to the 
2 mS position, 
( ) Adjust the HORIZ POS control 


on the front panel so that the ( ) Set the VOLTS/CM (volts per 
trace starts at the left vertical centimeter) control on the front 
line on the graticule. panel to the 1 position, Make 
sure that the VARIABLE control 
( ) Adjust the SWEEP LENGTH con- remains fully clockwise. 


trol on the Horizontal Amplifier 
Circuit Board (refer to Figure 1-3) ( ) Set the AC-GND-DC switch to AC, 
so that the trace ends at the right 


vertical line of the graticule. NOTE: In the next step it is not 
necessary to have the full sinewave 

( ) Now turn the HORIZ POS control displayed on the CRT. Only the 
on the front panel so that the leading part of the trace (on the 
trace moves left exactly two left side of the CRT) will be used 
centimeters. (Each square is in this adjustment, 
a centimeter.) At this time the 
trace should end on a vertical ( ) Adjust the TRIG LEVEL (trigger 
line two centimeters from the level) control on the front panel 
right side of the graticule. to obtain a stable display. 


( ) Again, adjust the SWEEP LENGTH ( ) Center the display on the CRT by 


control on the horizontal amplifier adjusting the VERT POS control, 
circuit board so that the trace ends 
at the right vertical line of the ( ) Now adjust the TRIG LEVEL con- 
graticule, trol to obtain a trace that starts 
on the center horizontal line. 

( ) Adjust the HORIZ POS control on (Make sure the display is cen- 
the front panel so the trace starts tered on the CRT.) 
at the left vertical line on the 
graticule, The trace is now ( ) Set the AG-DC-TV switch to DC, 
adjusted to exactly 12 centimeters 
in length. However, since there ( ) Adjust the DC LEVEL control on 
is only room to display 10 centi- the vertical amplifier circuit 
meters of trace on the face of board to obtain a stable display 
the CRT, the other two centimeters with a trace that begins on the 
of trace are off the CRT screen to center horizontal line on the 
the right. CRT. 
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Now switch the AC-DC-TV switch 
back and forth between the AC and 
DC positions, The display should 
remain stable and the trace should 
begin at the same place in both 
positions, Repeat the DC LEVEL 
adjustment if necessary, 


Disconnect the 1V P-P,60 Hz sig- 
nal from the vertical INPUT, 


Set the TRIGGERING switches to: 
Nee AG te AU Oe 


Adjust the SWEEP VAR/HORIZ 
GAIN control fully clockwise, 


Apply the 1V (P-P),60 Hz signal 
to the vertical INPUT of the 
scope, 


Set the VOLTS/CM switch to the 
0.2 position, 


Adjust the SWEEP CAL on the 
Sweep/Trigger Circuit Board 
(refer to Figure 1-3 in the 
Illustration Booklet) so that 

1 cycle covers 8 cm, 


Disconnect the 1V P-P,60 Hz 
signal from the vertical INPUT. 


Connect the scope cable to the 
vertical INPUT jack, 


Connect the shield of the scope 
cable to the design console REG 
DC (-) terminal and the center 
conductor of the scope cable to 
the design console sinewave 

() output terminal, 


Set the VOLTS/CM switch to the 
2 position, 


( ) 


Set the design console OF F-6V- 
30V switch to the 6V position, 
NOTE: Be sure the ADJUST 
VOLTAGE control is in the 

fully counterclockwise (minimum) 
position, 


Turn the design console ADJUST 
FREQ control fully counterclock- 
wise, then fully clockwise. 
NOTE: Observe that the trace 
remains stable as frequency 
changes when the ADJUST FREQ 
control is rotated, 


Apply the 1V P-P signal of the 
scope to the EXT INPUT (hori- 
zontal input) jack, 


Set the TIME CM switch to the 
Tae ba Le 


Adjust the HORIZ POS control to 
center the trace, NOTE: The 
reason for this shift in trace to 
the left, after you had already 
centered the trace in STEP NO, 
1, is that this oscilloscope uses 
a DC horizontal amplifier, The 
external signal being applied to 
the horizontal amplifier at this 
time is an AC signal, The re- 
sulting sweep will be to the left 
as well as the right from the 
normal static position of the 
beam. When the TIME/CM 
switch is in any of the internal 
sweep positions, a DC sweep 
voltage is used, The result is 
that the trace will then sweep 
from a static zero voltage posi- 
tion (on the left) to a DC voltage 
level (on the right) as the inter- 
nal sweep capacitor charges, 
Going from internal DC to exter- 
nal AC or reverse requires 
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repositioning of the HORIZ POS 
control, 


Slowly adjust the design-console 
ADJUST FREQ control for a 
Lissajous pattern like Figure 5-1. 
Adjust the ADJUST FREQ control 
for a stable 6 cycle pattern and 
do not disturb its setting. This 
calibrates the design-console 
output frequency to approximately 
360 Hz, 


Disconnect the 1V P-P signal 
from the EXT INPUT jack, 


Set the TIME/CM switch to the 
2 ms position, 


Adjust the HORIZ POS control to 
center the trace, Note that the 
shift in the position of the trace 
is caused by the reasons pre- 
viously discussed. 


Connect the center conductor of 
test lead to the design console 
square-wave terminal (j). 
Readjust vertical VARIABLE 
for a 6 cm deflection, 


Adjust the oscilloscope HORIZ 
POS control until the first 
negative-going edge of the square 
wave is aligned with the first line 
on the left edge of the graticule, 
and top and bottom edges are 
equal distance above and below 
the horizontal center line, 
Disregard any distortion in the 
peaks of the waveform and 
concentrate on the vertical lines 
of the waveform. 


NOTE: 


(uy) 
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Adjust the SWEEP CAL control 
(refer to Figure 1-3 of the Ilu- 
stration Booklet) so that the 
fourth negative- going edge of 
the square wave crosses the 
horizontal center line at 4,15 
CM. (Refer to Figure 5-2). 
NOTE: You should have three 
complete square waves starting 
at the first line on the left edge 
of the graticule and ending at 
4.15 CM to the right. 


Adjust the transformer cage (by 
turning it) for the sharpest, 
clearest trace on the CRT. 

NOTE: In some cases no change 
in the trace will be observed. If 
this occurs, position the transfor- 
mer as shown in Figure 1-4 of the 
Illustration Booklet. The trans- 
former assembly is rotated to the 
position at which the transformer's 
magnetic field will have the least 
effect on the electron beam of 
the CRT. 


Place the AC-GND-DC switch in 
the AC position, 


Turn off the oscilloscope, discon- 
nect the generator, and disconnect 
the line cord from the AC outlet, 


Turn the oscilloscope over, 
making sure that the trans- 
former assembly does not change 
position, 
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( ) Refer to Figure 1-4 of the Dlustra- 
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tion Booklet and move the trans- 
former cage so that a screw hole 
in the cage lines up with the near- 
est hole in the chassis, Then 
install a 6-32 X 1/4'' sheet metal 
screw in the hole to keep the 
transformer case from moving. 
Also, tighten the four screws in 
the grommet plate, 


Turn the oscilloscope over and 
connect the line cord to an AC 
outlet, 


VERTICAL COMPENSATION 


( ) 


Construct the signal generator 
circuit shown in Figure 5-3 and 
Layout 5-1 of this manual, (The 
wiring of the IC socket is shown 
in Figure 5-4,) Be sure that the 
IC is properly inserted into its 
socket. However, do not connect 
the red and black wires to the - 
and + terminals of the regulated 
power supply. Instead, turn on 
the design console, Measure the 
regulated dc output voltage and 
adjust it to 5 volts. Then 
connect the red and black wires 
to the power supply terminals. 
Remeasure the regulated dc 
output voltage and, if necessary, 
readjust it to 5 volts, 


Connect the Low Output of the 
signal generator (see Layout 5-1) 


to the vertical INPUT of the scope, 


(Connect the center conductor of 
the test lead to the Low Output 
connector and the shield to the 
other terminal at R5,) 


i) 


Set the VOLTS/CM switch to the 
.02 position and the vertical 
VARIABLE control fully clock- 
wise, 


Turn on the oscilloscope, 
Set the TIME/CM switch to 2 pS. 


Adjust the Trigger Level control 
as necessary to obtain a stable 
pattern. 


Adjust the screw in the VERTICAL 
COMPENSATION trimmer, C107, 
(see Figure 1-3 in the Illustration 
Booklet) on the vertical amplifier 
circuit board until the square 
wave appears as close as pos- 
sible to that shown in Figure 1-6 
of the Illustration Booklet, 


Turn off the scope, turn off the 
Design Console, disconnect the 
red and black wires from the 
regulated dc output terminals 
and disconnect the scope leads 
from the signal generator cir- 
cuitry. 


VERTICAL ATTENUATOR ADJUST 


7%) 


Connect the shield of the oscil- 
loscope test lead to the design 
console - REG DC terminal, 


Connect the inner conductor of 
the scope test lead to the design 
console square-wave terminal, 


Turn on the design console and 
set the ADJUST FREQ, control 
fully clockwise, 
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( ) 
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Disconnect the scope line cord 
from the ac outlet; position the 
scope on its left side; reconnect 
the scope line cord to the ac 
outlet, 


Set the VOLTS/CM switch to the 
5 position, 


Set the TIME/CM switch to 200 uS; 
adjust the horizontal VARIABLE 
control to display several cycles 
onthe CRT. If necessary, adjust 
the Trigger Level control for a 
stable pattern. 


Using an insulated screwdriver 
or alignment tool, adjust the 
screw in trimmer C2-B (see 
Figure 1-7 in the Illustration 
Manual) to obtain a waveform 
that appears like the one shown 
in Figure 1-6 in the Illustration 
Manual, 


Turn the VOLTS/CM switch to the 


2 position, 


Turn the VARIABLE control to 
produce approximately a 6 centi- 
meter display (vertically) on the 
ial. 


Turn the screw in trimmer C2-C 
to obtain a waveform that appears 
like the one shown in Figure 1-6 
in the Illustration Manual. 


Repeat the last six ''Vertical 
Attenuator" adjustments until 
there is no further improve- 
ment, 


Syl EA 


NOTE: If you have a low capacity 
probe, perform the steps under ''With 
Low Capacity Probe" in the Assembly 
and Operation Manual, page 118, If 
you do not have a low capacity probe, 
proceed to ''Without Low Capacity 
Probe" on page 118 of the Assembly 
Manual, 


( ) Disconnect the line cord from the 
AC outlet and position the oscil- 
loscope in its normal operating 
position, Then reconnect the 
line cord to the AC outlet. 


VERTICAL CALIBRATION 


Set the TIME/CM selector to the 
2 mS position, 


Set the VOLTS/CM selector to 
the 0.2 position, Make sure the 
VARIABLE is fully clockwise, 


Apply the 1V (P-P), 60 Hz signal 
on the oscilloscope front panel 
to the vertical INPUT connector, 


( ) Set the AC-GND-DC switch to AC, 


Adjust the SWEEP VAR/HORIZ 
GAIN (Sweep Variable/Horizontal 
Gain) control to produce several 
cycles on the CRT, 


Refer to Figure 1-3 in the Ilu- 
stration Booklet and turn the 
VERT CAL (Vertical Calibration) 
control onthe Vertical Amplifier 
Circuit Board to obtain 5 centi- 
meters of vertical deflection. 


5-12 | CHASSIS ASSEMBLY AND CALIBRATION PROCEDURE 


( ) Turn off the oscilloscope and dis- 
connect the line cord from the AC 
outlet, 


NOTE: It is suggested that you repeat 
the ''Calibration" after your oscilloscope 
has operated several hours, and peri- 
odically thereafter, Each time, allow 
sufficient warm-up time (at least 30 
minutes) before you start calibration, 


This completes the calibration, Pro- 
ceed to ''Final Assembly" in the 
Assembly and Operation Manual, 
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FIGURE 5-I 


FIGURE 5-2 


FIGURE 5-3 
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BNE EI 


FIGURE 5-4 


+5V REGULATED OC 


LAYOUT 5-| 
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PROJECT 6 


OSCILLOSCOPE OPERATION 


PARTS NEEDED 


1 - Completed Oscilloscope with 1 - 1 MQ Potentiometer with Leads 
Test Leads and Bracket 
1 - Design Console [yaw , tle eLOOV der DisceGapacitor 
1 - Silicon Diode 1- 10 uF, 50V dc Electrolytic 
Capacitor 


1- 1002, 1/2W, 20% Resistor 

15 - Modular Connectors 
1 - 3902, 1/2W, 10% Resistor 

- No. 22 Solid Hookup Wire 

1 - 4702, 1/2W, 20% Resistor 

2 - Tri-Mounts 
1- 1k, 1/2W, 20% Resistor 

1 - Pair Test Leads with Spring 

2- 10 kX, 1/2W, 10% Resistors Adapters 


This project contains several experiments designed to help you become pro- 
ficient in the use of your scope. 


6-2 OSCILLOSCOPE OPERATION 


EXPERIMENT 1 


TRIGGERING THE OSCILLOSCOPE 
PARTS NEEDED 


1 - Design Console 1 - 1 MQ Potentiometer with 
Leads and Brackets 
1-.1 uF, 100V Disc Capacitor 
4 - Modular Connectors 
1 - Oscilloscope with Test 
Leads 2 - Tri- Mounts 


DISCUSSION 


The triggered sweep oscilloscope displays a stable pattern on the face of its 
CRT by synchronizing its horizontal sweep generator with wavefronts of the 
repeating input signal, A sample of the input signal is taken from the vertical 
amplifier of the scope and applied to the triggering circuits of the horizontal 
sweep generator for synchronization, 


The TRIGGERING INT/EXT/LINE switch on the front panel selects either an 
internal trigger (a sample signal from the vertical amplifiers) or an external 
trigger (a signal from an external circuit connected to the EXT TRIG jack). In 
the LINE position, 1 V p-p 60 Hz signal is applied to the triggering circuitry. 


The Horizontal TIME/CM switch determines the horizontal sweep time by 
selecting one of the five timing capacitors (C8 to C13) and one of the three 
timing resistors (R15, R16, R17). A positive-going ramp waveform is gen- 
erated by the charge*and discharge action of the timing capacitor. The larger 
the value of the timing capacitor and the timing resistor, the lower the fre- 
quency of the ramp waveform, 


When observing waveforms other than sinewaves, you will find that one polarity 
of triggering voltage may cause a more stable display than the other polarity. 
Therefore, a TRIGGERING + switch appears on the front panel of the oscillo- 
scope that enables you to select the proper polarity trigger signal. The TRIG/ 
LEVEL control is then adjusted for a stationary pattern on the face of the CRT. 
The TRIG/LEVEL control should not be rotated too far clockwise, however, or 
the waveform on the CRT screen will not lock in, 
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PROCEDURE 


1, Set up the circuit in Figure 6-1 on the design console, 
2. Plug in and turn on the design console, 


3. Turn on your oscilloscope and allow a one minute warm-up period. 


TEST NO. 1 


EXTERNAL TRIGGERING 


1, Make the preliminary oscilloscope adjustments as follows: 
A. Set the VOLTS/CM switch to the 5 position, adjust the VARIABLE 
control to the CAL position (fully clockwise), set the AC/GND/DC 
switch to the AC position, 


B. Set the horizontal TIME/CM switch to 2 mS, and the SWEEP VAR/ 
HORIZ GAIN control to the CAL position (fully clockwise). 


C,. Set the TRIGGERING switches to AUTO, +, AC, and INT positions, 
D, Adjust the INTENSITY control fully clockwise. 

E. Adjust the TRIG LEVEL conteel to obtain a trace, 

F, Readjust the INTENSITY control for a trace of normal brightness, 
G. Adjust the HORIZ and VERT position controls to center the trace, 
H, Adjust the FOCUS control so that the trace is a sharp as possible, 


2. Use the red test lead from your DMM to connect from the EXT TRIG 
INPUT jack to point C, 


3, Connect the shield of your scope lead to the ground point in the circuit, 
4, Connect the center conductor of your scope lead to point A, 


5. Place INT/EXT/LINE switch to the EXT position, 
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6, Adjust the TRIG LEVEL control for a stable pattern display. 


7. Adjust the Horizontal VARIABLE control for two cycles. The scope's 
pattern should have the appearance of Figure 6-2. 


8. Being careful not to disturb the setting of any of the scope controls, observe 
the voltage at point B. Move the center conductor test lead to point B to do this. 


9. Adjust potentiometer R; from one extreme to the other and notice that the 
phase of the observed sinewave shifts, 


10, Inthe EXT sweep trigger position, the oscilloscope is being triggered by 
the external signal, Therefore, any change in phase at the vertical input is 
displayed, 

TEST NO. 2 


INTERNAL TRIGGERING 


1, Disconnect the test lead between point C and the EXT TRIG INPUT jack. 


2. Place the TRIGGERING INT/EXT/LINE switch to the INT position. Do not 
change any of the other control settings. 


3. Connect the center conductor of the scope lead to point C, 


4, If necessary, adjust the TRIG LEVEL control for a stable trace, The 
pattern should be similar to Figure 6-3, 


5. Connect the center conductor of your scope lead to point B. 

6, Vary Rj from one extreme to the other and notice that the waveshape re- 
mains as shown in Figure 6-3, This is because the oscilloscope is being 
triggered by the same signal that is being displayed. 

7, Place the TRIGGERING +/- switch to the - position. Your pattern should 
have the appearance of that shown in Figure 6-2. The oscilloscope is now being 


triggered by the first negative-going alternation. 


8. Turn off the design console, 


OSCILLOSCOPE OPERATION 6-5 
TEST NO. 3 


TRIGGERING THE OSCILLOSCOPE IN THE NORMAL MODE 
1, Set the VOLTS/CM switch to the 5,0 position, adjust the VARIABLE control 
to the CAL position, and set the AC/GND/DC switch to the AC position, 


2. Set the TIME/CM switch to 200 uS, and the SWEEP VAR/HORIZ GAIN 
control to the CAL position, 


3. Set the TRIGGERING switches to NORMAL, +, AC and INT positions, 
4, Turn the TRIG LEVEL control fully counterclockwise, 


5. Connect the shield (ground) of your scope lead to the -DC REG binding post 
of the design console's power supply. 


6, Connect the center conductor of your scope lead to the squarewave output 
of the design console, 


7, Set the design console frequency adjustment control to the maximum clock- 
wise position, 


8. Turn on the design console, 

9. Slowly adjust the TRIG LEVEL control, The pattern will first appear, and 
then it will lock into place, Further adjustment will cause the pattern to become 
unstable, 


10, Readjust the TRIG LEVEL control for a stable pattern. 


11, Turn off the design console, 


6-6 OSCILLOSCOPE OPERATION 
EXPERIMENT 2 


VOLTAGE AMPLITUDE MEASUREMENT 


PARTS NEEDED 


1 - Oscilloscope with Test Leads 1 - 1002, 1/2W, 20% Resistor 
1 - Design Console 1- 1k, 1/2W, 5% Resistor 
3 - Modular Connectors 2- 10 kt, 1/2W, 20% Resistors 


No, 22 Solid Hookup Wire 


DISCUSSION 


The oscilloscope is one of the most useful test instruments available to the 
technician, One important feature of the oscilloscope is that it can be used 
to measure peak-to-peak voltage by observing the waveform of the signal. 


The vertical amplifier in your Triggered Sweep oscilloscope is calibrated to 
measure the peak-to-peak amplitudes of ac voltages in nine ranges extending 
from .02 to 10 p-p volts per centimeter, The nine voltage ranges of the 
VOLTS/CM selector switch are: 0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10. 
These values designate the peak-to-peak signal voltages required to deflect 
the CRT trace 1 cm in the vertical direction when the VARIABLE control is in 
the CAL (calibrated) position, To find the p-p voltage amplitude of any wave- 
form being observed, you simply multiply the waveform's vertical deflection 
in centimeters by the value indicated by the position of the VOLTS/CM switch, 
This gives the peak-to-peak amplitude of the voltage waveform, 


For example, assume that a signal applied to the INPUT causes a vertical 
deflection of 5 centimeters with the VOLTS/CM switch set to the 0.02 position, 
and the VARIABLE control in the CAL position. The position of the VOLTS/CM 
switch indicates that each centimeter of deflection equals .02 volt p-p; so you 
multiply the 5 centimeters of deflection by .02. This gives a value of .10 volt 
p-p for the waveform being observed. If the VOLTS/CM switch were in the 10 
position and there were 3 cm of deflection, you would multiply the 3 centimeters 
by 10 for a reading of 30 volts p-p. 


OSCILLOSCOPE OPERATION On 


The oscilloscope may be calibrated to an external ac voltage source, provided 
that the peak-to-peak value of the reference voltage is known. For this cali- 
bration, adjust the Vertical VARIABLE control so that the external voltage 
source causes a vertical deflection of any number of centimeters that you 
choose, 


For example, assume that you want to calibrate the scope to a 1 volt p-p voltage 
source, Set the VOLTS/CM switch to the 1 position, and apply the 1 volt p-p 
signal to the vertical input terminals of the scope, Next, set the VARIABLE 
control for a deflection of 1 cm, Each vertical cm on the graticule now has a 
value of 1 volt p-p. 


WHEN THE VARIABLE CONTROL IS RESET FROM THE CAL POSITION, THE 
CALIBRATION OF THE VOLTS/CM IS NO LONGER VALID. However, changing 
the position of the VOLTS/CM switch still changes the sensitivity factor of the 
vertical amplifier. Depending upon the position of the VOLTS/CM switch when 
the scope was calibrated, you multiply or divide the amount of deflection in cm, 
The VARIABLE control MUST NOT BE RESET if that calibration is to be 
retained, 


To illustrate this, suppose that you have calibrated the scope for 1 volt p-p/cm 
on the 1 setting of the VOLTS/CM switch. If you set the switch to the 10 posi- 
tion, the sensitivity of the vertical amplifier DECREASES by a factor of 10, 
and each cm of deflection now has a value of 10 volts p-p. Similarly, if you 
set the VOLTS/CM switch from the 1 to the .1 position, the sensitivity 
INCREASES by a factor of 10 and each cm of deflection has a value of only 

.1 volt p-p. 


Like any other sensitive instrument, the oscilloscope can be overloaded, causing 
the displayed waveform to be distorted, To avoid overloading, set the VOLTS/ 
CM switch to the least sensitive position (10); if the pattern is not large enough, 
set the VOLTS/CM switch to a more sensitive position, 


TEST NO. 1 


AC VOLTAGE MEASUREMENT 


1. Turn on the design console, 


2. Turn on your oscilloscope and allow it to warm up, 
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3, ».Make the preliminary oscilloscope adjustments as follows: 
A, Set the TIME/CM switch to 2 ms, 


B. Set the SWEEP VAR/HORIZ GAIN control to the maximum clockwise 
(CAL) position, 


C. Set the VOLTS/CM switch to the 5,0 position, 
D, Set the VARIABLE control to the maximum clockwise (CAL) position, 
E. Set the TRIGGERING switches to: AUTO, +, INT. 


F, Adjust the INTENSITY control so that the trace brightness is ata 
comfortable viewing level. r 


G. Adjust the VERT POS and HORIZ POS controls so that the trace is 
centered. 


H, Adjust the FOCUS control so that the trace is as sharp as possible, 
I, Set the AC/GND/DC switch to the AC position, 


4, Use the scope to measure the 6,3 volts ac available from the design con- 
sole, To do this, connect the shield of the scope lead to the OV binding post 
on the design console and the center conductor to the 6.3 V binding post. 


5, Adjust the TRIG LEVEL control and the SWEEP VAR/HORIZ GAIN control 
to obtain a two-cycle pattern that is stationary and similar to Figure 6-3, The 
pattern should be approximately 3.6 centimeters high, Multiplying the deflec- 
tion in centimeters (3.6) by 5 indicates that the peak-to-peak amplitude is 
approximately 18 volts, The unloaded output voltage is affected by the line 
voltage, which may vary. 


Notice that the ''6.3 volts" applied to the input of the oscilloscope results in an 
indication of approximately 18 volts peak-to-peak on the screen of the scope. 
This is because the 6,3 volts applied to the input is the rms value, and the 
value displayed by the oscilloscope is a peak-to-peak value. 


Mathematically, the peak value of a voltage is 1,414 times the rms value and 
the peak-to-peak value is twice the peak value, or 2.828 times the rms value, 
Expressed as equations: 


peak value = 1,414 X 4 rms value 


peak-to-peak value = 2,828 X rms value, 
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Thus, the peak-to-peak value of 6.3 volts rms is 6.3 X 2.828 = 17.8164, or 
approximately 18 volts, This is close to the value indicated on the oscilloscope, 


TEST NO. 2 


AC VOLTAGE MEASUREMENT 


1, Set up the circuit of Figure 6-4 on your design console, 


2. With the DMM, measure the voltage across R>, (Black test lead to ground; 
red test lead to the junction of R] and R2.) 


3. Rj and R2 forma voltage divider and, depending on component tolerances, 
the 12.6 volts ac divides between them at a ratio of approximately 10to l. 


4, Connect the scope probe to the scope and again measure the R> voltage. 
With the VOLTS/CM switch in the 1.0 position and the VARIABLE control 
maximum clockwise, deflection should be about 4 cm. Since each centimeter 
(cm) corresponds to 1 volt, this represents approximately 4 volts peak-to-peak, 


To compare the voltage values obtained in Steps 2 and 3, convert the rms voltage 
obtained in Step 2 to a peak-to-peak value or the voltage obtained in Step 3 to an 
rms value, These values should be close to each other, 


5. Change Ro froma 1 kQ? resistor toa 10 k2 resistor, 


6. Measure the voltage across R> with your oscilloscope. Set the VOLTS/CM 
switch to the 5.0 position (the VARIABLE control is still maximum clockwise). 
You should get about 4 cm of deflection, Since each cm represents 5 volts, the 
measured value is about 20 volts peak-to-peak, 


7, Change R> toa 1002 resistor, This forms about a 100 to | voltage divider 
with Rj, and with the VOLTS/CM switch in the 0.1 position, you should again 
get about 4 cm of deflection. But since each cm of deflection now represents 


only .1 volt, the measured value is about .4 volts peak-to-peak, 
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TEST NO. 3 


DC VOLTAGE MEASUREMENT 


1, Turn the design console OF F-6V-30V switch to the 6V position. 

2. Measure the output of the REG DC supply with the DMM, 

3, Adjust the output voltage for a reading of 4.5 volts on the DMM, 

4, Disconnect the DMM, 

5. Turn the oscilloscope on and allow it to warm up, 

6. Set the VOLTS/CM switch to the 2.0 position. 

7. Set the VARIABLE control to the CAL position, 

8. Place the AC/GND/DC switch in the DC position. 

9, Center the trace, 

10. Connect the shield of the scope lead to the (-) REG DC terminal, 

11, Connect the center conductor of the scope lead to the (+) REG DC terminals, 
12. Notice that the trace moves up approximately 2.25 cm. To calculate a 
DC voltage, we multiply the number of cm the trace moves by the setting of 


the VOLTS/CM switch when the VARIABLE control is in the CAL position. 


13, Calculate the voltage in Step 12. Vdc. The voltage should 
be approximately 4.5V dc. 


14, Place the AC/GND/DC switch in the GND position, Notice that the trace 
returns to the center of the CRT screen, 


15, Turn the design console off, 
16, Position the scope's trace 2 cm below the center of the screen, 
17, Turn the design console OF F-6V-30V switch to the 30V position. 


18, Set the scope's VOLTS/CM switch to the 5.0 position, 
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19, Place AC/GND/DC switch in the DC position, 

20. Indicate the number of cm that the trace moves, cm, 
21, Calculate the DC voltage vde, 

22. Measure the DC voltage at the REG DC terminals with the DMM, 


The value calculated in Step 21 should be close to the voltage measured with the 
DMM in Step 22, 
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EXPERIMENT 3 


PHASE MEASUREMENT 
PARTS NEEDED 


1 - Design Console 1 - 1 MQ Potentiometer with Leads 
and Bracket 
1 - Oscilloscope with Test Leads 
2 - Tri- Mounts 
1- .lwF, 100V Disc Capacitor 
4 - Modular Connectors 


DISCUSSION 


In simple terms, phase can be defined as the distance between the positive peaks 
of two sinewaves of the same frequency, This distance is called the ''phase 
angle'' and is usually measured in degrees. 


Figure 6-5A shows two sinewaves, A and B, of the same frequency. Notice 

that the positive peak of each sinewave occurs at 90°. The negative peak of each 
sinewave occurs at 270°, and each sinewave crosses the zero axis at 0°, 180° 
and 360°. Asa result, sinewaves A and B are said to be "in phase,"' 


Two sinewaves of the same frequency, but 180° out-of-phase, are shown in 
Figure 6-5B, The positive peak of sinewave A occurs at 90°, while the positive 
peak of sinewave B occurs at 270°. In this case, the two sinewaves are 270° - 
90°, or '180° out-of-phase", 


In Figure 6-5C, the positive peak of sinewave A occurs at 90°, and the positive 
peak of sinewave B occurs at 180°. The difference between the positive peaks 
is 180° - 90° = 90°. Thus, sinewaves A and B are ''90° out-of-phase". 


An oscilloscope can be used to measure the phase angle between two sinewave 
signals of the same frequency, To make a phase measurement, one signal is 
applied to the vertical amplifier, and the other signal is applied to the horizontal 
amplifier, The result is a Lissajous pattern, 


Figure 6-6 shows the Lissajous patterns produced when signals of various phase 


relationships are applied to the horizontal and vertical amplifiers. If the two 
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signals applied to the oscilloscope are in phase, a straight line slanted from the 
upper right to the lower left will be produced, as shown in Figure 6-6A, The 
Lissajous pattern produced for two signals 90° out-of-phase is a circle (when 
their amplitudes have the proper relationship), as shown in Figure 6-6B. Two 
signals 180° out-of-phase produce a line slanted from the upper left to the 
lower right, as shown in Figure 6-6C, Signals which have a phase difference 
other than 0°, 90°, and 180° produce ellipses of various shapes, 


PROCEDURE 


1, Be sure that the design console is turned off, 
2. Setup the circuit of Figure 6-7 on the design console, 
3. Turn on the design console, 


4, Turn on your oscilloscope, 


TEST NO. 1 


1, Set the TIME/CM switch to the EXT X 10 position (maximum clockwise). 


2. Set the VOLTS/CM switch to the 5.0 position, and adjust the VARIABLE 
control to its maximum counterclockwise position, 


3. Set the AC/GND/DC switch to the AC position. 


4, Connect the GND (shield) of the scope test lead to the ground point in the 
circuit, 


5. Use the red DMM lead to connect from test point C in the circuit to the 
scope EXT INPUT jack. 


6, Adjust the SWEEP VAR/HORIZ GAIN control to obtain a trace about 4 cm 
wide, 


7. Adjust the INTENSITY, FOCUS, VERT POS and HORIZ POS controls to 
obtain a clear trace properly centered, The trace may consist of two nar- 
rowly separated lines due to stray 60 Hz ac pickup. In most cases, this 
condition is normal, 
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8. Observe the voltage at test point C (connect the center conductor of the 
scope lead to test point C) and adjust the VARIABLE control to obtain one of 

the patterns of Figure 6-8. (With the shield of the scope test lead grounded, you 
are actually observing the voltage between test point C and ground, ) 


Ideally, the pattern of Figure 6-8A should be obtained, However, the pattern 
of Figure 6-8B is what you probably will observe. As explained, the double trace 
is due to stray ac pickup and does not indicate any circuit defect, 


TEST NO. 2 


1, Observe the voltage at test point A by connecting the scope lead's center 
conductor to this point, You should obtain either of the patterns illustrated in 
Figure 6-9. Again, you will probably obtain a pattern similar to Figure 6-9B, 
rather than the ideal pattern of Figure 6-9A, 


TEST NO. 3 


1, Observe the voltage at test point B. 


2. Adjust potentiometer Rj on the design console (see Figure 6-7) to obtain a 
pattern without any tilt. Any one of the patterns shown in Figure 6-10 may be 
obtained, If the pattern of either Figure 6-10B or 6-10C is obtained, adjust 
the scope gain controls (both the Vertical and Horizontal VARIABLE controls) 
to cause it to look like Figure 6-10A., 


The three patterns of Figure 6-10 represent a phase difference of 90° between 
the horizontal and vertical deflection voltages, Pattern 6-10A is obtained 
when the horizontal and vertical deflection voltages are equal in amplitude; 
pattern B is obtained when the horizontal voltage is less than the vertical 
voltage; pattern C is obtained when the vertical voltage is less than the hori- 
zontal voltage, 


3. Potentiometer R] adjusts the amount of tilt of the trace because it varies the 
phase of the voltage at point B in relation to point C, while the gain controls on 
the scope determine the height and width of the pattern, Adjust all three con- 
trols to obtain the circle of Pattern 6-10A,. It is normal for the circle to have 
slight imperfections, To obtain a perfect circle, the deflection voltages must 

be perfect sinewaves, Unfortunately, power transformers distort the sinewave 
a little, so that a perfect circle will not be obtained. 
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4, Adjust R, fully clockwise; the pattern will tilt to the left, as shown in 
Figure 6-9, The resistance in the circuit is very low, so that point B of 
Figure 6-7 is electrically about the same as point A, This causes the 180° 
phase shift pattern of Figure 6-9. 


5, Adjust Rj, fully counterclockwise; the pattern will tilt to the right, as 
shown in Figure 6-8. Now, the full resistance of Rj is in the circuit. The 
reactance of Cj] is small compared to the resistance of R], and point B is 
electrically almost the same as point C, The in-phase pattern of Figure 6-8 
is the result, 


6, Turn off the Design Console, 


6-16 OSCILLOSCOPE OPERATION 
EXPERIMENT 4 


TIME MEASUREMENT 


PARTS NEEDED 


1 - Design Console 1 - Oscilloscope with Test Leads 


DISCUSSION: 


In addition to measuring the amplitude of a signal, an oscilloscope can be used to 
measure the time duration of a pulse, or the duration of one complete cycle of 
an unknown signal, By obtaining the time duration of one cycle of a signal, 

the frequency of the unknown signal can be calculated, 


To determine the time duration of a pulse or cycle of a signal, observe the 
width in centimeters of one cycle of the signal being measured. The markings 
of the TIME/CM switch indicate the time required for the scope's electron 
beam to sweep one centimeter of the graticule in the horizontal plane (the 
SWEEP VAR/HORIZ GAIN must be in the calibrate position), For example, 
with the switch in the 2 uS position, the beam will sweep one centimeter from 
left to right of the graticule in 2 microseconds. If the switch were in the 2 ms 
position, it would take two milliseconds for the trace to sweep one centimeter 
of the graticule,. 


After you obtain the necessary information (setting of TIME/CM Switch, number 
of centimeters, and number of cycles), you can calculate the time (t) duration 


using the following equation: 


t = (TIME/CM setting) X (number of cm + number of cycles). 


TEST NO. 1 


1, Turn on the oscilloscope and allow it to warm up. 
2. Connect the scope test lead to the INPUT, 


3. Set the TRIGGERING switches in the following positions: AUTOR AG 
INT, 
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4, Adjust the TRIG LEVEL control to obtain a trace, 

5, Adjust the FOCUS and INTENSITY controls for the sharpest trace, 

6, Set the VOLTS/CM switch to the 5,0 position, 


7. Set the TIME/CM switch to the 2 mS position, Place the SWEEP VAR/ 
HORIZ GAIN in the CAL position, 


8. Turn the design console frequency adjustment control fully counterclock- 
wise. 


9. Connect the ground of the scope lead to the design console REG, DC (-) 
terminal, 


10. Connect the center conductor of the scope test lead to the design console 
square wave terminal, 


11, Set the oscilloscope AC/GND/DC switch to the AC position, 
12. Center the trace, 

13, Turn the design console on, 

14, Adjust the TRIG LEVEL control for a stable trace, 


15, Adjust the VERT control so that the negative peaks are located on the 
horizontal center line. 


16, Adjust the HORIZ control so that the start of the first negative peak is 
located at the intersection of the horizontal center line and the fourth major 


vertical line left of center. 


17. Count the number of cm between the start of the first negative peak and the 
start of the second negative peak, cme 


18, Calculate the time duration of the cycle using the equation: 


t = (TIME/CM switch setting) X (number cm + number of cycles), 
sec, 


9575 
6-17 


6-18 OSCILLOSCOPE OPERATION 


TEST NO. 2 f 


1, Turn the design console frequency adjust control fully clockwise, 
2. Set the oscilloscope TIME/CM switch to 200 uS. 


3. Follow the procedure of Test No, 1 and determine the time duration of one 
cycle. sec, 


4, Your calculated value for Step 18, Test No. 1, should be approximately 
3.0 milliseconds, while in Step 3 of this test, the answer should be approximately 


400 microseconds, 


5. Turn off the design console, 
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EXPERIMENT 5 


FREQUENCY MEASUREMENT 


PARTS NEEDED 


1 - Design Console ' 1- 10 k2, 1/2W, 20% Resistor 

1 - DMM 2- 22 kQ, 1/2W, 20% Resistors 

1 - Oscilloscope with Test Lead 1 - 47 kQ, 1/2W, 20% Resistor 
10 - Modular Connectors 1- 100 kn, 1/2W, 20% Resistor 

2 - NPN Transistors 1 - ,01 pF Disc Capacitor 

1 - 1 MQ Potentiometer with Leads 2 - Tri- Mounts 


and Bracket 


1 - 2.2 k2, 1/2W, 5% Resistor 


DISC USSION 


In the previous experiments, the oscilloscope was used to make time measure- 
ments, Since time and frequency are inversely related, an oscilloscope can 
be used to measure frequency. Frequency measurements can be made by 
comparing the unknown frequency to that of the oscilloscope's sweep generator 
frequency, This sweep generator frequency can be controlled by the settings 
of the TIME/CM switch, 


When using the oscilloscope to measure frequency, we need to know the setting 
of the TIME/CM switch and the number of centimeters per cycle of the signal, 
To determine the frequency, we use the following equation: 


1 
time 


frequency = ot 


dacs 
t 


where: t = (the setting of the TIME/CM switch) X (the number of cm + number 
of cycles). 
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For example, if the TIME/CM switch is in the 20 nS position, and we count 
one cycle of the signal in 10 cm, then t equals: 


20 Xx 1076 (the setting of the TIME/CM switch) X 10 cm (duration of one wave- 
form cycle) + 1 cycle or: 


(20x 107°) x2 = 10-> x 20 = 2x 1074 
1 104 , 
f =————__ = —— _,, or 5 kH 
Dneterece: Ba =4 5 Zs 
ae Kriz, 


If, with the same TIME/CM switch setting, we observe 1 cycle in 2 cm of 
horizontal deflection, we would calculate the frequency: 


feos 
t 
t =)20ex 10-6) * (2/0) =e 10-6 
= 40 pseconds 
1 
f = ————— _ = 25 kHz. 
40 x 10-6 


TEST NO. 1 


1, Turn on the scope and allow it to warm up. 


2. Set the TRIGGERING switches in the following positions: AUTO, +, AC, 
LIN be 


3. Adjust the TRIG LEVEL control to obtain a trace, 
4, Adjust the FOCUS and INTENSITY controls for the sharpest trace, 


5. Set the VOLTS/CM switch to the 5.0 position and the VARIABLE in the 
CAL position, 


6. Set the TIME/CM switch to the 2 mS position and the SWEEP VAR/HORIZ 
GAIN in the CAL position, 
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7. Connect the scope test lead to the INPUT. 


8. Connect the center conductor of the scope test lead to the sinewave ter- 
minal of the design console, 


9. Connect the scope ground to REG DC (-). 


10, Turn on the design console and adjust the frequency adjustment control for 
a display of 5 complete cycles in 7 cm, 


11, Adjust the VERT control so that the waveform is equally above and below 
the center line of the graticule. 


12, Adjust the HORIZ POS control so that the first positive-going slope of the 
waveform crosses the intersection of the horizontal centering line and the left- 
most line of the graticule. 


13, Calculate the frequency of the signal displayed, using the equation: 
1 


f=— 


t 
where: t = (TIME/CM setting) X (number cm + number of cycles). 


The frequency should have been calculated as follows: 


ee 
where: £2 1(2 aloe?) (7 ee) 

t = (2 x 1077) x (1.4) 

tinezeOrxel0ae 


> x 1073 = 357 Hz or approximately 360 Hz. 


14, To prove that the output of the sinewave generator is approximately 360 Hz, 
connect the 1V p-p 60 Hz jack to the EXT INPUT. 


15, Set the TIME/CM switch to the EXT IN (X1) position. 


16, You should obtain a 6 to 1 Lissajous pattern similar to that shown in Figure 
6-ll, The Lissajous pattern may drift slightly because the sinewave output 
frequency is not exactly 360 Hz. To stabilize the pattern, carefully adjust the 
frequency adjust control on the design console to obtain the 6 to 1 pattern of 
Figure 6-11, 
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TEST NO. 2 


1, Construct the circuit in Figure 6-12 on the design console following Layout 


2. Turn on the design console and set the ADJUST VOLTAGE control to 5 volts, 


3, Set the oscilloscope VOLTS/CM switch to the 2.0 position, with the 
VARIABLE control in the CAL position, 


4, Set the TIME/CM switch to 2 mS position, with the SWEEP VAR/HORIZ 
GAIN control in the CAL position, 


5. Adjust the scope for sharpest possible centered trace, 
6. Connect the ground of the scope test lead to the ground of the circuit, 


7. Connect the center conductor of the scope test lead to the output point of 
the circuit (refer to Layout 6-1), 


8. Readjust the TRIG LEVEL control to obtain a stable display on the scope, 
Align a positive or negative going edge of the waveform with one of the vertical 


lines on the graticule, 


9. Using the procedure in Test 1 of this experiment, calculate the frequency, 
Hz. 


10, Turn off your design console, and replace the 10 pF electrolytic capacitor 
with a .1 wF disc capacitor. 


11, Calculate the frequency. Hz, 


The calculated frequencies in Steps 9 and 11 should be approximately 66 Hz and 
12.5 kHz, respectively, Your answers should be close to these values. 
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EXPERIMENT 6 


SETTING THE TIME BASE 


PARTS NEEDED 


1 - Oscilloscope 1 - Design Console 


DISCUSSION: 


In this project you will set the time base (sweep rate) of the oscilloscope to a 
sweep rate different than that which can be set by the TIME/CM switch. This 
will be done by applying a known frequency signal to the input and adjusting 
the SWEEP/VAR control. The reason for this type of adjustment is that it 
sometimes may be more convenient to reset the time base to rapidly and 
accurately determine the unknown frequency of a signal under observation, 


TEST NO. 1 


1, Connect a wire from the 1V P-P 60 Hz jack to the EXT INPUT. 


2. Connect the scope test lead to the sinewave output of the design console 
and the ground to REG DC (-). 


3. Set the VOLTS/CM switch to the 5 position, 

4, Set the TIME/CM switch to the EXT IN (xl). 

5. Turn on the design console and the scope. 

6, Adjust the VERT POS and HORIZ POS to center the display. 


7. Adjust the frequency adjustment control on the design console for a 6 to l 
Lissajous pattern, as shown in Figure 6-11, 


8. Disconnect the 1V p-p 60 Hz signal from the EXT INPUT. 


9. Connect the center conductor of the scope test lead to the 1V p-p 60 Hz 
input. It will be necessary to readjust the VOLTS/CM switch, 
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10. Set the TIME/CM switch to the 2 uS position. 

11, Adjust the TRIG LEVEL for a stable display. 

12. Position the trace in the center of the CRT screen. 

13, Rotate the SWEEP VAR/HORIZ GAIN control counterclockwise until a half 
cycle of the observed waveform occupies 8.3 cm. Since one-half cycle of 60 Hz 
occurs in 8.4 milliseconds, the sweep rate is now adjusted for 1 millisec/cm. 
14, Connect the center conductor of the scope test lead to the sinewave output 
and the ground lead to REG DC (-) terminal, DO NOT disturb the setting of the 
frequency adjust control, It will be necessary to readjust the VOLTS/CM 


switch, 


15, Calculate the frequency of the signal. Hz, Remember you 
have readjusted the sweep rate to 1 ms/cm, 


16, Readjust the frequency adjustment control for 10 cycles in 10 cm. 
17, Calculate the new frequency Riz. 
The calculated frequencies in Step 15 and 17 should be approximately 360 Hz and 


1 kHz, respectively. Your answers may not agree with these values, but they 
should be close. 
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470N 14 (+5V) 


OUTPUT 


FIGURE 6-12 


— + 5V REGULATED DC 


LAYOUT 6-| 
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PROJECT 7 


OSCILLOSCOPE OPERATION EXERCISES 


PARTS NEEDED 


1 - Design Console 2 - NPN Transistors 
1 - Oscilloscope Test Lead 3 - Transistor Sockets with Leads 
1 - 1 MQ Potentiometer with Leads 14 - Modulator Connectors 


and Bracket 
Ze= 10 pin 5O0SVedc llectrolytic 
1-11, 1/2W, 20% Resistor Capacitors 
1- 1.8 k2, 1/2W, 10% Resistor 2 - Tri-Mounts 
1 - 3,912, 1/2W, 20% Resistor 
1 - 10k, 1/2W, 20% Resistor 
1 - 47 kX, 1/2W, 20% Resistor 


1 = Silicon Diode 


- No. 22 Solid Hookup Wire 


DISC USSION 


In this project you construct a test circuit and perform several exercises using 
your oscilloscope. If you have trouble, refer to the associated experiment 

in Project 6. The appropriate experiment in Project 6 will be listed with each 
step in this project, if needed. 


PROCEDURE 


1, Construct the circuit of Figure 7-1, following Layout 7-1. 
2. Adjust the REG DC output voltage for +20 volts. (Experiment 2 Test 3) 
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3. Set the frequency adjustment control on the design console to its center 
of rotation, 


4, Adjust Rl in the test circuit for a 2V p-p signal on its wiper. (Experiment 
2 Lest 1) 


5. Measure and record the peak-to-peak voltage at the base of Ql, 
V p-p. (Experiment 2 Test 1) 


6, Measure and record the peak-to-peak voltage at the collector of Ql, 
V p-p. (Experiment 2 Test 1) 


7. Calculate the gain of Ql. 

S. Determine if there is a phase difference between the signal at the collector 
of Al and the input signal, (Experiment 1, Test 1 or Experiment 3, 
Test 1) 

9. What is the phase difference, if any? (Experiment 3 Discussion) 


10, What is the frequency of the signal? Hz 


11, Disconnect the input sinewave signal by removing the wiper lead of Rl from 
modular connector A, (Refer to Layout 7-1), 


12, Measure the dc volts at the collector of Ql using your scope. 
volts (Experiment 2 Test 3) 


13, Measure the dc volts at the emitters of Q2 and Q3, volts, 
(Experiment 2 Test 3) 


14, Reconnect the wiper arm lead of Rl to modular connector A, 


15, Measure and note the peak-to-peak voltage at the base of Q2, 
volts, (Experiment 2 Test 1) 


16, Determine if there is a phase difference between the base signal of Q3 and 
the emitter signal of Q3. (Experiment 3 Test 1) 


17, Determine if there is a phase difference between the input signal to the cir- 
cuit and the output signal of the circuit, (Experiment 3 Test 1) 


18, Measure and note the peak-to-peak voltage at the emitter of Ql V 
p-p. (Experiment 2 Test 1) see 


19, Rotate the design console frequency adjustment control fully clockwise. 


20, Calculate the output frequency of the test circuit. 
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21. Using the design console, set upa 10 to 1 Lissajous pattern, (Experiment 
5 Test 1) 


22. Without disturbing the frequency adjustment control on the design console, 
adjust the scope trace for 1 cycle in 10 cm, using the design console sinewave 
output. (Experiment 6 Test 1) 


23. Calculate the sweep rate, . (Experiment 5 Test 1) 


24, Turn the frequency adjustment control on the design console fully clockwise. 
25. Calculate the output frequency of the test circuit, Hz. 
(Experiment 5 Test 1) 


The answers to Project 7 are found at the end of this manual. Your answers 
may not agree exactly with the answers given, but they should be close, 


When it is necessary for you to make waveform observations in commercial 
electronics equipment, or in some of our later laboratory experiments, specific 
settings for the scope controls are not given, In many instances, the instruc- 
tions areas follows: ''Set the controls of your oscilloscope to observe a 

15,750 Hz signal with a peak-to-peak amplitude of 35 volts. '' It is assumed 

that you have sufficient knowledge to set your oscilloscope controls to the 
proper positions to observe the waveform, 


In other instances, specific settings for a different scope are given and you 
must convert this information to the proper settings for your scope, Charts l, 
2 and 3 illustrate the controls on your scope that are the equivalent of controls 
on other scopes, 


1-4 OSCILLOSCOPE OPERATION EXERCISES 


ANSWERS TO PROJECT 7 


5. 2V p-p 

6. Approximately 8V p-p 
7. Approximately 4 

the ele ily 


10, Approximately 525 Hz (Your answer will vary depending upon the setting 
on the frequency adjustment control. ) 


12, Approximately 10.5 volts 
13, Approximately 10 volts 
15. Approximately 8V p-p 
163): 202 

Ly el oO 

18, Approximately 1.9V p-p 
20, poe. dakhz 

23. 167 pS/CM 


24, 2,7 kHz 


OSCILLOSCOPE OPERATION EXERCISES 


SINE WAVE 
INPUT 


FIGURE 7-1 
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OSCILLOSCOPE OPERATION EXERCISES 


VERTICAL CONTROLS 


Chart 7-1 


HORIZONTAL CONTROLS 


IO D-4540 Other Scopes 


TIME/CM wSec/CM, mSec/CM or 


Sweep Time/CM 


Chart 7-2 


SWEEP TRIGGER CONTROLS 


AUTO NORMAL 


Chart 7-3 


Auto Norm or Recurrent 
Triggered 


SOW> DOF FSORP DOF SOPP FOWe FOF FOP FOF DOP 
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QUESTIONS 


IMPORTANT — These instructions MUST be accurately followed to avoid loss, or errors 
in grading. 


Indicate your answer on this sheet by filling in the box for the most correct 
answer to each question. 


When all questions have been answered, place the answer card in the proper 
position to line up the boxes on the card with the boxes on the sheet. 


Next, copy the complete lesson code into the space provided on the card, 
and fill in the answer boxes to correspond with those previously filled in 
on this sheet. 


Before mailing, be certain your correct student number, name and address 
appear on the card. 


LESSON CODE 


9575-3A 


Assume that the VOLTS/CM switch is set to 0.5, and the VARIABLE control is fully 
[J clockwise. A trace 5 cm high corresponds to a voltage of 
== (A) .25V rms. (B) 2.5V p-p. (C) .25V p-p. (D) 2.5V rms, 


i} 


j 


If a phase measurement on your oscilloscope shows a circular pattern, the phase 
shift is 
(A) 180° (B) 0° (C) 90° (D) 45° 


When +5V dc is measured with the VOLTS/CM switch in the 2 position, and the AC/GND/ 
DC switch in the DC position, the trace will move 

(A) 4.5 cm in the negative direction. (B) 2.5 cm in the positive direction. (C) 4 cm in 
the positive direction. (D) 2 cm in the negative direction, 

If a phase measurement on your oscilloscope shows a straight line slanted from the 
upper right to the lower left, the phase shift is 

(A) 0° (B)-90° (C) 45° (D): 180° 


Assume that the oscilloscope is calibrated and the TIME/CM switch is set to the 20 uS 
position. If a complete cycle of a signal occupies 5 cm, the frequency is (OO KIO ‘<7 7 
(A) 1 kHz (B) 10 kHz (C) 100 kHz (D) 1 MHz 


If the VOLTS/CM switch is set to the 0.2 position and a sinewave signal being observed 
occupies 8 cm, what is the peak-to-peak value? 
(A) 16V p-p. (B).8Vp-p. (C).16V p-p. (D) 1.6V p-p. 


If 3 cycles of a signal occupy 4 cm on the oscilloscope, and the TIME/CM switch isin 33 y/o? 


the 1 mS position, the signal frequency is We ip 
ty 0 2 >? 


(A) 66 Hz. (B) 66 kHz. (C) 666 Hz. (D) 6.6 kHz. Sore 

If the time duration of a pulse is 100 uSec and there are two pulses appearing inonecm, | 0 s 

the TIME/CM switch setting is ey 

(A) 200 pS, (B) 2 uS. (C) 200 ms. (D) 20 ms. eee A 
loz | sO 


If a 1 kHz signal is observed and the sweep rate is adjusted for one cycle per cm, the a ee 
TIME/CM switch setting is ; 
(A) 2 mS, (B) 200 pS. (C) 20 pS, (D) 20 mS. 


If 2 cycles of a signal occupy 5 cm on an oscilloscope and the TIME/CM switch is in the 
100 mS position, the signal frequency is 


(A) 40 Hz. (B) 10 Hz, (C).4 Hz. (D) 20 Hz. 
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